Peering through the gate: the effect of near peer teachers on student learning outcomes and satisfaction in large enrollment courses by Thompson, Meredith Myra
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2014
Peering through the gate: the
effect of near peer teachers on
student learning outcomes and
satisfaction in large enrollment
courses
https://hdl.handle.net/2144/12238
Boston University
BOSTON UNIVERSITY 
SCHOOL OF EDUCATION 
Dissertation 
PEERING THROUGH THE GATE: 
THE IMPACT OF NEAR PEER TEACHERS ON STUDENT LEARNING 
OUTCOMES AND SATISFACTION IN LARGE ENROLLMENT COURSES 
by 
MEREDITH MYRA THOMPSON 
B.A., Cornell University, 1996 
M.A., Tufts University, 2005 
Submitted in partial fulfillment of the 
requirements for the degree of 
Doctor of Education 
2014 
© 2014 by 
MEREDITH MYRA THOMPSON 
All rights reserved 
Approved by 
First Reader 
Peter Garik, Ph.D. 
Clinical Associate Professor of Science Education 
Second Reader 
Michael Elasmar, Ph.D. 
Associate Professor of Communication 
Third Reader 
~
Professor of Literacy and Language, Counseling and Development 
... just as a note has no meaning without context, our lives become meaningful only 
through an examination of our relationship to those around us . ... Every move we make 
affects [sic] our neighbors and our environment. Our human condition is then reflected 
in this musical theory of relativity, as our contributions are directly responsible for the 
quality of the ensemble. -Arne l¢m(;ke 
DEDICATION 
This work is dedicated to my parents, Paul and Camilla, 
and to my children, Carter & Zak. 
v 
ACKNOWLEDGMENTS 
A number of people have helped me throughout this process. I'd like to thank my 
committee members, Peter Garik, Michael Elasmar, and Bruce Fraser for being so 
gracious with their time and insight. A special thanks to Cathy O'Connor for providing a 
sounding board for ideas. Timothy Brown answered questions about statistics along the 
way, and Ben Emmett-Aronson provided statistical insight and feedback during the 
model building process. 
I am grateful for the help and support of my peers at SED. Sarah Novick, Meg 
Moriarty, and Sherri Sklarwitz read countless versions of this work and provided 
valuable feedback. Emily Allen, Susan Fields, Katya Vigil, Jeannette Lewis, and Star Lee 
listened to ideas and provided moral support. 
I am thankful for the assistance of a number of professors at BU: Kathryn Spilios, 
Paul Lipton, Allison Lamanna, Bennett Goldberg, Manher Jariwala, Andrew Duffy, Dan 
Dill, Binyomin Abrams, Natalya Bassina, Caleb Farny, Dave Sullivan, Wayne Snyder, 
and Angela Seliga. Thanks to Adam Moser and Nic Hammond for their groundwork on 
the Learning Assistant program. 
I also thank my family for their support and encouragement. 
vi 
PEERING THROUGH THE GATE: 
THE EFFECT OF NEAR PEER TEACHERS ON STUDENT LEARNING 
OUTCOMES AND SATISFACTION IN LARGE ENROLLMENT COURSES 
MEREDITH MYRA THOMPSON 
Boston University School of Education, 2014 
Major Professor: Peter Garik, Ph.D., Clinical Associate Professor, Curriculum and 
Teaching 
ABSTRACT 
Introductory undergraduate science, math, and engineering courses are often large, 
competitive classes with challenging learning environments. This mixed method study 
investigates the effect of incorporating undergraduate students who have recently taken 
the course, or near peers, on the satisfaction and learning outcomes of students who are 
taking these types of courses at Boston University. Quantitative data were gathered 
through a survey of 1 ,000 students in five large science and engineering courses 
exploring how student background, study strategies, and course experiences influence 
student satisfaction and final course grade. The quantitative model shows that students 
who prefer to study in groups tend to be more positive about the peer teachers and the 
small group sessions in which these students work, but tend to be less satisfied with the 
course and tend to have slightly lower final course grades than students who do not use 
group work as a study strategy outside of class. Qualitative data were gathered in the 
form of classroom observations, focus groups of students, and interviews of peer teachers. 
The qualitative results show that students in these courses prioritize doing well in the 
course, especially on the individually based exams. In contrast, the peer teachers 
vii 
emphasize learning for understanding and working in collaborative groups. Despite the 
dichotomy between the students' orientation towards grades and the near peers' emphasis 
on learning, the students in the courses are very satisfied with the near peer teachers. In 
addition to helping students with course content, the near peer teachers help build 
students confidence in their ability to succeed, and provide a valuable link to the 
university community. 
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CHAPTER ONE 
1. Statement of the problem 
There is an ongoing need for recruiting talented students into science, technology, 
engineering, and mathematics (STEM) careers (COSEPUP, 2007, p. 608; NSF, 2011). 
Although most students decide to major in a STEM field before they enter college 
(Maltese & Tai, 2011 ), the experiences students have during college have a strong 
influence on whether they persist in a STEM major (Huang, Taddese, Walter, & Peng, 
2000). Traditionally, introductory STEM courses at the undergraduate level are often 
large, lecture-based courses with challenging learning environments (Armstrong, Chang, 
& Brickman, 2007; Wood, 2009). These courses often serve as a barrier, rather than a 
gateway, to continuing in STEM majors (Sadler & Tai, 2001; Tai, Sadler, & Loehr, 2005). 
Professors and policy makers have responded to this dilemma with a number of different 
learning strategies, yet despite a number of studies and published articles "the combined 
efforts of federal agencies, private foundations, and many internal institutional programs 
have achieved little overall change in STEM teaching at large research universities" 
(Wieman, Perkins, & Gilbert, 2010, p. 8). 
This research project gathers existing research about student success in college, 
best practices in STEM education, and the benefits of peer teaching with the goal of 
creating a model that links student attributes and classroom practices to learning 
outcomes. A particular aim of this project is to better understand the impact of using 
near-peer teachers in large-enrollment science and engineering classes at Boston 
University. 
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For the past twenty years, reform in university level science, technology, 
engineering and mathematics (STEM) teaching has focused on transforming passive 
lecture courses into active learning environments (Froyd, 2008; Handlesman et al., 2004; 
Wood, 2009). The most commonly cited definition of active learning is "instructional 
activities involving students in doing things and thinking about what they are doing" 
(Bonwell & Eison, 1991). Large classrooms are "transformed" by shifting the focus of 
the classroom away from the unidirectional flow of information from lecturer to student 
to a multidirectional flow of information between the lecturer, students, and their peers 
(Mazur, 1997; Otero, Pollock, McCray, & Finkelstein, 2006). The new pedagogical 
approach signifies a significant change in the way that STEM professors view the 
learning process. Rather than viewing learning as the transmission of information from 
the teacher to the students, some professors are recognizing their role in shaping the 
culture in which the complex and socially influenced process of learning takes place 
(Biggs, 1996; Tishman, Jay, & Perkins, 1992). When faculty view their role as "architects 
of learning environments" (Gilbert, Hunsaker, & Schmidt, 2007), the traditional 
resources of textbooks and lecturing can be expanded to include audience response 
systems, collaborative group work, and even peer teaching. 
Not surprisingly, engaging college students in their own learning is also important 
to administrators and researchers in the field of college student success. The concept of 
student engagement, strikingly similar to active learning, is described as "the time and 
energy students invest in educationally purposeful activities" (Kuh, Cruce, Shoup, Kinzie, 
& Gonyea, 2008, p. 542). Researchers interested in student engagement are interested in 
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short-term outcomes such as learning and self-efficacy and longer-term outcomes such as 
persistence and satisfaction with the entire college experience (Braxton, Milem, & 
Sullivan, 2000; Pascarella, Salisbury, & Blaich, 2011). This study is informed both by 
existing research about college student learning and student success, and on interventions 
in STEM courses. 
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2. Objective of the study 
The objective of this study is to examine how near peer teachers impact the 
learning environment and students' actual and perceived learning outcomes in large 
enrollment science and engineering courses. Near peer teachers are defined as "students 
one or more classes ahead of the students they are teaching"(Lockspeiser, 0' Sullivan, 
Teherani, & Muller, 2008, p. 362). Having recently taken the course in which they are 
working, near peer teachers understand the difficulties of learning the material in a way 
that professors and graduate students cannot (Bulte, Betts, Gamer, & Durning, 2007; D. J. 
R. Evans & Cuffe, 2009; Thompson-Knight et al., 2013). Near peers also share 
experiences balancing coursework and social activities (Becker & Croskery-Roberts, 
2007). As fellow students, near peer teachers can provide a perspective that is both useful 
and unique to students in large enrollment STEM courses. 
This research project was initiated to study the impact of a near peer-teaching 
program called the Learning Assistant Program on student success in introductory 
science courses. However, near peer teaching is one of many forms of student support 
offered at Boston University, so identifying the specific contribution of near peer 
teaching to learning environments is both promising and problematic. The promise of 
learning from a near peer is reflected in studies demonstrating positive outcomes for 
content learning among students, improved motivation and self-efficacy in learning, and 
a positive classroom culture for students. The problem of studying peer learning is three-
fold. First, a variety of different peer learning models exist, and thus it is difficult to 
predict the results of a new model in light of previous research (O'Donnell, 2008) . 
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Second, near peer teachers are often one of an array of learning strategies offered to 
students in the introductory courses (Ebert-May, Brewer, & Allred, 1997; Michael, 2006; 
Wood, 2009). Third, since few control groups exist, it is a challenge to measure the effect 
of near peer teaching on the student learning within the context of the range of support 
structures available. To address that challenge, this study first establishes a theoretical 
model of the effect of near peer teaching based on prior research, and then tests that 
model using structural equation modeling (SEM) with actual data gathered from students 
in the courses being studied (Byrne, 2009). 
A number of different types of data were gathered as part of this study, including 
self-report surveys, information on grades gathered directly from professors (with student 
consent), classroom observations, focus groups and interviews, and review of the near 
peer teachers' written teaching reflections. Independent variables include student 
demographics and educational background, interactions between faculty, graduate 
teaching assistants and peers, students' perceptions of their own ability to succeed in the 
course (Kuh, et al., 2008; Pascarella, et al., 2011; Tai, et al., 2005), and students' help 
seeking strategies (Karabenick & Knapp, 1991; Newman, 1998; A.M. Ryan, Gheen, & 
Midgley, 1998). 
The outcome variables will be undergraduate students' learning gains during the 
course as measured by exam and quiz scores provided by the course instructor (with 
student consent), and student satisfaction. 
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3. Broader implications of the study 
The results of this study will bring additional understanding of the role that peers 
can play in shaping the learning environments in large-enrollment STEM courses. This 
information is useful to college faculty interested in peer teaching and active learning 
strategies at a time when faculty members are reconsidering their primarily lecture-based 
approach to education (Matthews, 2006; Wieman, 2009; Wieman, et al., 2010). Study 
results may also help college administrators make informed decisions about how to fund 
near peer teaching programs. On a broader scale, a better understanding of the impact of 
peer teaching and active learning can also address the issue of workforce preparation in 
science and engineering fields. The demand for highly skilled workers in science and 
engineering continues even as the number of students majoring in those fields remains 
flat (Bayer Corporation, 2013). Though traditional lecture-based methods have trained 
today's scientists and engineers, the future workforce will be more diverse in required 
technical skills. Students' experiences in these courses often determine whether they 
continue onto a STEM career or select another major (PCAST Working Group, S.J. Gates, 
J. Handelsman, G.P. Lepage, & Mirkin, 2012; Seymour & Hewitt, 1997). Evidence-based 
teaching methods that are linked to student learning and persistence are needed in order 
to maintain the number of US citizens in the science and technology workforce 
(COSEPUP, 2007; Wieman, et al., 2010). 
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CHAPTER TWO: LITERATURE REVIEW 
This review of the literature situates this research project in the current context of 
educational reform in STEM courses at the college level and establishes a theoretical 
framework for the research. Next, the current knowledge about student success at the 
college level is reviewed, and the contribution that innovations such as peer teaching can 
make to student success is discussed. Finally, the technique of structural equation 
modeling (SEM) is explored as a tool for investigating the complex landscape of the large 
enrollment STEM course at the university. 
1. STEM Educational reform: What is "active learning"? 
Since the early 1990s, there has been a wave of reform efforts in university-level 
science teaching, marked by a groundswell of interest among university STEM professors 
in understanding how their students learn (Chasteen, Perkins, Beale, Pollock, & Wieman, 
2011; Handlesman, et al., 2004; Matthews, 2006; Wieman, 2009; Wieman, et al., 2010; 
Wood, 2009; Wood & Tanner, 2012). The Boyer Report recommended a major change in 
university education, stating that students should have "opportunities to learn through 
inquiry rather than simple transmission of knowledge" (Boyer Commission, 1998, p. 12). 
Evidence of the recognition of the importance of teaching is demonstrated by journals 
devoting space to the discussion of education strategies. The prestigious journal Science 
now runs a regular issue devoted entirely to science education. In 2002, the American 
Society for Cell Biology and the Howard Hughes Medical Institute (HHMI) launched the 
quarterly journal CBE-Life Sciences Education, a journal entirely devoted to sharing 
evidence-based practices in education. CBE-Life Sciences in particular has highlighted 
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realistic strategies for incorporating active learning into college STEM classrooms by 
notable scientists (Chasteen, et al., 2011; Schneider, 2009; Wood, 2009; Wood & Tanner, 
2012). Both journals provide opportunities for practitioners to gain new ideas and share 
their own best practices. 
The current reform effort builds on the research base established by education and 
cognitive science research (Bransford, Brown, & Cocking, 2000; Handlesman, et al., 
2004), in particular the constructivist concept that students' prior knowledge and goals 
play a central role in the learning process (Biggs, 1996). Many strategies have been 
developed to tum the traditional lecture courses, a mainstay of STEM courses, into better 
learning environments (Ebert-May, et al., 1997; Herreid, 2006; Wood, 2009). A 
particular focus is on evidence-based teaching strategies, strategies that have been tested 
in classrooms and supported through research studies (DeHaan, 2005). Publications in 
CBE-Life Sciences Education and the education section of Science have underscored the 
idea that lecture courses can (and should) be transformed from passive learning 
environments into active learning environments by providing evidence to support new 
classroom practices (Handlesman, et al., 2004; Wood, 2009). Furthermore, the 
community of reformers is eager to provide detailed descriptions of how to implement 
new ideas (Bergtrom, 2011; Chasteen, et al., 2011; Felder & Brent, 1996). 
Although active learning and peer learning are not synonymous, peer learning is 
an important component of the current reform effort. Froyd (2008) analyzed a number of 
different educational practices in university STEM education along two guidelines: the 
difficulty of faculty adopting the new strategy based on current resources, and the 
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evidence of student learning gains associated with the new practice. Organizing students 
in small groups so that students could learn from their peers received the highest rating 
both for ease of implementation and evidence of learning. In the article "Does active 
learning work? A review of the research", Prince (2004) identifies collaborative learning, 
cooperative learning, and problem-based learning as three types of active learning 
practices used in engineering. Each of these examples uses different forms of having 
students work together; however, "peer learning" and "peer teaching" can take many 
forms, from peers working together as groups in the classroom to near peers assisting 
younger students with coursework. A discussion of what forms of peer learning are 
applicable to this particular study is included later in this chapter. 
2. Theoretical framework: Self-regulated learning (SRL) 
The overarching contextual framework for this work presumes that learning is 
situated in interactions and the environment of the learner; even change occurring within 
the individual is affected by social contexts (Putnam & Borko, 2000). Although learning 
is an individual activity, learning often occurs within and can be enhanced by social 
groups (Bransford, et al., 2000). Bandura's socio-cognitive learning theory provides a 
much wider lens on the influence of environmental and personal factors in learning 
(Bandura, 1977; Pajares, 2002). Socio-cognitive theory supports the foundation of both 
active learning and peer learning in establishing that a reciprocal relationship exists in 
which the learning environment influences the individual, and the individual influences 
the learning environment. 
The socio-cognitive theoretical concept of "student-regulated learning" (SRL) is of 
particular interest to this study. SRL has four assumptions: 1. Students actively 
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participate in the learning process 2. Learners can regulate their own behavior and 
motivation 3. Students evaluate their own learning process against a goal or criteria and 4. 
Students' achievement can be impacted by their own regulation of their learning activities 
(Pintrich, 2004). Specifically, SRL states that it is neither the students' demographic 
profile nor the classroom environment that shape achievement, but it is "the individuals' 
self-regulation of their cognition, motivation, and behavior that mediate the relations 
between the person, context, and eventual achievement" (Pintrich 2004, p. 388). In this 
context, students can create and moderate their own learning goals throughout their time 
in college. Under the SRL framework, students are able to articulate the types of learning 
and support activities that contribute positively to their learning. Students' ability to 
assess their own learning and regulate their learning activities also supports the 
measurement strategy of asking students whether they have met their learning goals 
through techniques such as self-report surveys (Hargis, 2001). 
3. Student background and attributes in the SRL framework 
A number of studies have investigated how students' personal attributes influence 
their course performance and satisfaction. 
a. Educational background The educational preparation students receive before 
they enter school influences their subsequent experience. Many students make their 
decision to major in STEM fields during high school (Maltese & Tai, 2011). Students 
who have a higher quality of high school science instruction are more likely to do well in 
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introductory college chemistry (Tai, et al., 2005), as well as college physics (Sadler & Tai, 
2001). While demographic variables such as gender, race, and ethnicity are also 
important in understanding whether students will persist in STEM majors (Crisp, Nora, & 
Taggart, 2009), factors such as self-confidence and resilience can also be linked to 
remaining in the major (Huang, et al., 2000). In fact, persistence in STEM majors for 
students of all demographic backgrounds, even underrepresented minorities and women, 
can be explained by their level of academic preparation (Griffith, 2010). Since these 
attributes are already established when the student begins the course in college, these 
attributes influence students' perceptions of the course (Diseth, Pallesen, Hovland, & 
Larsen, 2003; Richardson, 2003; Richardson & Price, 2003, p. 4). 
b. Motivation. Students' motivation for learning is often grouped in two main 
categories: a learning orientation describes students who truly want to learn the material, 
while a performance orientation describes students whose main interest is getting a good 
grade in the course (Pintrich, 2003, 2004; Pugh, Linnenbrink-Garcia, Koskey, Stewart, & 
Manzey, 2010, p. 4; 2000, p. 395; Song & Grabowski, 2006). Student motivation 
influences how they approach studying for the material; students who are interested in 
grades use a "surface approach" to studying, while students who are interested in learning 
use a "deep approach" (Lizzio & Roland, 2002). Motivation is often treated as a student 
characteristic coming into the course, but motivation can be influenced by students' 
course experiences (Black & Deci, 2000, p. 2; Lau & Nie, 2008). 
c. Self-efficacy. Bandura (1977) contributed the concept of the individual's belief 
in their own ability to do something, a concept he termed "self-efficacy". Self-efficacy 
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was originally conceptualized to describe behavioral change among individuals in 
smoking cessation programs (Pajares, 2002). The concept of self-efficacy has 
subsequently been integrated into a number of educational contexts, including classroom 
performance for high school students (Bong, 2004), interaction between self-efficacy and 
motivation in college chemistry (Zusho, Pintrich, & Coppola, 2003), college students' 
persistence (S.D. Brown et al., 2008), and even students' technological capacity for 
online learning (Puzziferro, 2008). A meta-analysis of 109 studies of the interaction 
between psychosocial and study skills of college students found that self-efficacy was an 
important predictor of college grade point average (Robbins et al. , 2004). Students have 
beliefs about their ability when they start the class and their beliefs can also be influenced 
by their experience in the course, thus self-efficacy can be either a dependent or an 
independent variable depending on the context of the study (Ajzen, 2002). 
d. Help seeking behavior. The link between students' willingness to seek help 
from others and their fear of being perceived negatively by their classmates also supports 
the idea of a social influence on learning (Karabenick, 2004; Karabenick & Knapp, 1991; 
A.M. Ryan, et al., 1998). Research has shown an inverse relationship between a 
student' s need for help and their willingness to seek out help (Karabenick & Knapp, 
1991), as well as college students' fear of a negative stigma associated with asking for 
help (Grayson, Miller, & Clarke, 1998). Students' perceptions of their learning 
environment can influence their willingness to seek help. Students who perceive who 
perceive a mastery learning goal for the course are more likely to seek out help than 
students who perceive a performance learning goal (Gall, 1985; Karabenick, 2004). As a 
result, help seeking can both cause learning behavior within a course and be influenced 
by the learning environment. 
4. Measuring self-regulated learning using the Motivated Strategies for Learning 
Questionnaire (MSLQ) 
13 
Pintrich's ideas about the link between the learning environment and student self-
regulation were a landmark shift away from studying the individual characteristics of 
college students and their learning to studying the interaction between the student and the 
environment (Duncan & McKeachie, 2005). In order to measure different aspects of self-
regulated learning, Pintrich et al. (1991) developed the Motivated Strategies for Learning 
Questionnaire, or MSLQ. The MSLQ includes 81 items focused on two topics: learning 
strategies and motivation. Learning strategies includes questions about students' 
cognitive and metacognitive approaches such as critical thinking and organization, and 
questions about how students use "resource management" such as time management, peer 
learning and help seeking. The motivation section includes items covering valuing (goal 
orientation), expectancy (self-efficacy), and affect (text anxiety) (Zimmerman, 2008). 
The four domains of regulation are each covered by different items in the instrument. 
The MSLQ was a fundamentally different approach to studying student motivation and 
achievement than previous studies. Instruments such as the Myers-Briggs test focused on 
individual student attributes and background; the MSLQ shifted the focus away from 
student level factors and toward the effect that teaching behaviors had on student learning 
(Maehr, 2005). The MSLQ is still one of the primary tools used to investigate self-
regulation in learning (Duncan & McKeachie, 2005; Dunn, Lo, Mulvenon, & Sutcliffe, 
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2012). Duncan and McKeachie (2005) list fifty-five different studies that use some or all 
of the MSLQ between 2000 and 2004. Below is a selection of three studies that are of 
particular interest to this research project. 
a. Help-seeking behavior. Karabenick (2004) used the MSLQ to examine the 
relationship between help-seeking behaviors among students and their perception of the 
goals of the class. Using a pretest/ post-test design, they gathered 346 MSLQ responses 
from students in one study, and 386 responses using the revised MSLQ. The dependent 
variable was whether students asked other students for help, went to the instructor for 
help, or received help with general study skills. They found that students who had low 
self-esteem were more likely to view seeking help as a negative activity. Students who 
used active learning strategies were more likely to get help when they needed it. The 
researchers recommended using student-centered instruction and emphasizing mastery 
goals over performance as ways of increasing help seeking (Karabenick & Knapp, 1991). 
b. Learning strategies in college chemistry. Zusho, Pintrich, and Coppola 
(2003) investigated students' motivation and learning strategies during a semester of 
introductory chemistry. They surveyed 458 college students at a midwestern university 
three times over the semester using an instrument adapted from the MSLQ among other 
surveys. Results showed that self-efficacy was the "best predictor of course performance 
even after controlling for prior achievement" (p. 1092). The authors suggest that course 
instructors have a sustained effort to maintain students' confidence in their ability 
throughout the semester. 
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c. Active learning vs.lecture-based learning in college physiology. Wilke 
(2003) explored the role of active learning techniques versus lecture-based techniques in 
a small college in West Texas. One hundred and forty one students completed all parts of 
the study, including a modified MSLQ, an attitude survey designed by the instructors, 
and a content examination. Students in the active learning classes had significantly higher 
self-efficacy and better exam scores than students who participated in the lecture based 
classes. Other types of motivation measured by the MSLQ were not affected by the 
different teaching approaches. 
5. The importance of student experience. 
Students' experiences in college have emerged as an important factor in learning 
outcomes and persistence in a number of different studies. 
a. Student experience and persistence. In his foundational paper, Tinto (1975) 
framed students' decision to drop out as an interaction between the individual and the 
institution, rather than purely an individual decision. This paradigm shift allowed him to 
build a predictive model describing the "process of interaction between the individual and 
institution" (p. 90). His model included background characteristics such as high school 
achievement and demographics, students' motivations and attitudes for college and 
students' educational expectations, and a measure of the students' type of commitment to 
the university. Tinto's contribution is also important for recognizing the importance of 
student perceptions, and how the college environment influences students' perceptions. 
While his model has been updated, it is still the starting point for many studies on student 
success (Braxton, et al., 2000; Thomas, 2000). 
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Tinto (1997) drew upon this model in his mixed-method study of the impact of a 
learning community at the Seattle Central Community College. Students in the 
Coordinated Studies Program (CSP) learning community enrolled in a series of courses 
with other students in the group. Tin to gathered questionnaires over time from 210 
members of the CSP and 207 students in a comparison group. The pre-survey was given 
in early fall, and the items designed to measure student engagement were questions about 
educational intentions, learning preferences, perceptions of ability and attitudes about 
education, and items from Pace's Quality of Student Effort scale (Pace, 1982). The post-
survey given later that fall included questions about classroom and extracurricular 
activities and students' estimates of learning gains. The researchers also gathered data 
about student's total credit hours and GPA. A logistic regression analysis mapped the 
independent variables onto the dichotomous outcome variable of persistence. The five 
variables that significantly predicted persistence among students were: "participation in 
the CSP program, college GP A, hours studied per week, perceptions of faculty, and the 
level of involvement with other students" (Pace, 1982, p. 608). The qualitative results 
showed the importance of building supportive peer groups, of linking both academic and 
social communities, and of approaching learning from a constructivist perspective. Tinto 
noted that this learning community was created among students who did not live on 
campus, and recommended thinking of classroom and extracurricular experience as 
interconnected. 
b. Classroom instruction and persistence. There is evidence that clear and 
organized instruction can positively affect student persistence in college. Pascarella et al. 
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(2011) found similar results from two separate studies: first, a single-institution study of a 
midwestern university (2008), followed by a larger study of 19 two-year and four-year 
colleges and universities. Both studies surveyed students at multiple points in time during 
the first year of college. In addition to including student background characteristics, 
academic preparation, and extracurricular college experiences, the researchers also 
included students' grades and satisfaction with college in the model. The researchers 
hypothesized that effective classroom instruction had an indirect effect on student 
persistence through grades. Since the outcome was dichotomous (1= reenrolled and 0 = 
did not reenroll), they used logistic regression analysis rather than linear regression. The 
results from both the single and multi-institutional study revealed that "exposure to 
organized and clear instruction significantly (p<.001) increased the probability of a 
student's reenrolling for the second year of college at the institution initially intended" (p. 
13). 
Braxton et al. (2000) investigated the effect of active learning practices such as 
"class discussions, group work, and higher order thinking activities" (p. 572) on students' 
decisions to stay or leave college. In encouraging students to work together, the 
researchers postulated that active learning techniques help students integrate into college 
during academic experiences. They conducted a longitudinal study with 718 first-time, 
full-time students at one university. Data were collected during orientation through the 
Student Information Form (SIF), the Early Collegiate Experience Survey (ECES) in 
October, and the Freshman Year Survey (FYS) during March of the first year. The 
researchers used path analysis and ordinary least squares multiple regression as analysis 
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methods. Results suggested that faculty classroom behaviors and the use of active 
learning practices in the classroom do influence how much students integrate into college, 
but the results did not achieve statistical significance. The researchers also recommended 
including frequency of use of active learning techniques on course evaluations and 
having faculty attend workshops to learn these pedagogical techniques. Although this 
study is informative for the outcomes of active learning, the researchers did not include 
academic outcomes such as grades in the study. 
6. Course environment and teaching practices. 
In addition to exploring the importance of student behaviors and motivations, 
researchers have also developed instruments to assess teaching behaviors. The concept of 
measuring the classroom environment first started with the development of the Learning 
Environment Inventory during the Harvard "Project Physics" in the 1960s (Walberg, 
Fraser, & Welch, 1986), and has grown to include validated assessments for many 
different levels and school environments (Fraser, 1998). The findings from research on 
teaching behaviors support the idea that learning and behaviors are socio-constructivist, 
meaning that the learning environment influences students' behaviors and learning. 
Additionally, the research emphasizes the effectiveness of student-centered instruction 
(McKeachie, 1990). 
a. Denning course environment. The course environment in college courses is 
defined by the content and the activities included in the classroom (Tinto, 1997), the 
workload required for the class (Lizzio & Roland, 2002), and the instructor's teaching 
behaviors (McKeachie, 1990). The behaviors of the other students in the class also 
influences the classroom environment; students who are highly competitive may resist 
working together in groups and resist helping each other learn the material (Gasiewski, 
Eagan, Garcia, Hurtado, & Chang, 2012). However, by carefully crafting the classroom 
activities and course expectations, the professor can affect how students interact with 
other students in the course (Shea, Sau Li, & Pickett, 2006). Thus, although there are 
many different factors that contribute to the learning environment in college courses, 
teaching practices play a critical role. 
19 
b. Measuring course environment. The College and University Classroom 
Environment Inventory (CUCEI) was developed to explore the relationship between 
learning outcomes and classroom involvement (Fraser & Treagust, 1986). The CUCEI 
has 49 items comprising seven different scales: "personalization, involvement, student 
cohesiveness, satisfaction, task orientation, innovation, and individualization" (p. 42). 
The original instrument used a four-point response scale: strongly agree, agree, disagree, 
and strongly disagree. All scales were checked for reliability using Cronbach's alpha. 
Validity was established by asking students both for their actual learning environment 
and their preferred learning environment, and then comparing the class mean for each of 
the six factors to the outcome measures of satisfaction and a measure of locus of control. 
Correlation was used to establish the percentage of variance each factor explained, and 
the beta coefficients from multiple regression described the effect of the factors with all 
other factors held constant. Results suggested that students were more satisfied in 
learning environments where they had some control over what they were learning. 
20 
Fraser also adapted the CUCEI to enable both instructors and students to take the CUCEI. 
While students and teachers tended to prefer the same type of positive classroom 
environments, teachers rated the classroom environment more positively than the 
students in their class (Fraser, 1984). This finding suggests that gathering feedback 
directly from students is an important part of classroom reform. The CUCEI has also 
been used to explore how classroom environment is linked to academic dishonesty; 
students were less likely to cheat in classrooms with more student involvement and 
personalization, and more likely to cheat in classes that were less personal and more 
focused on tasks (Pulvers & Diekhoff, 1999). 
Classroom observations can also be used to study teacher behaviors. Murray 
(1983) developed the Teacher Behaviors Inventory (TBI) to enable the observation of 
eight categories of classroom behavior: "speech, nonverbal behavior, explanation, 
organization, interest, task orientation, rapport, and participation" (p. 139). He then 
trained students in an educational psychology course to use the TBI, and had eight 
students observe each instructor a few times during the semester. At the end of the 
semester, he compared students' observations with course evaluations of the students 
who were taking the class. The TBI results aligned with student evaluations of the course 
professors; professors receiving high evaluations also were rated highly on the TBI. This 
finding supports the use of the TBI and of having student evaluations as a valid measure 
of teaching behavior. 
Murray (1987) adapted the TBI to be used by all students enrolled in a class. 
Schon wetter et al. (2002) used the full class version of the TBI as a student feedback 
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measure in a study designed to explore the interaction between "student differences, prior 
experience with subject material, past performances, teaching behaviors, and perceived 
learning and achievement" (p. 625). They recruited 418 student volunteers to participate 
in an hour-long class; 285 students had no knowledge of the subject matter while 133 had 
previous content knowledge. For outcome measures, they used perceived learning, 
performance on a multiple-choice test, and a test of keywords used in the lecture. Results 
showed that students' prior know ledge of the material influenced the types of teaching 
behaviors they reported; students who were unfamiliar with content were more 
influenced by organization while students familiar with content were more influenced by 
the level of expressiveness of the lecturer. Prior knowledge and high school GPA were 
more strongly correlated with learning outcomes from the course than students' 
organizational approach. These findings are not surprising due to the lecture-based and 
passive structure of the course. 
The Reformed Teaching Observation Protocol (RTOP) is another resource for 
observation of teaching practices. Developed for use in both high school and college 
classrooms, the RTOP is based on curriculum standards, is focused on student-centered 
and inquiry-based teaching of science, and includes measures of lesson design, lesson 
content, and classroom culture (Sawada et al., 2002). The reliability of the RTOP was 
tested two ways: observers rated classes at the beginning, middle, and end of the course 
and the observations were compared using inter-rater reliability, and a Cronbach's alpha 
was calculated for the different items in the RTOP. Validity of the measure was also 
established in two ways. First, a factor analysis of 141 observations of classrooms from 
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public schools and colleges and university confirmed the three components. The 
normalized gain scores on concept inventories were also correlated with teachers' ratings 
from the RTOP. 
Gray and Otero (2009) investigated the impact of the Learning Assistant 
experience on the use of cooperative learning techniques in the classroom. Using the 
RTOP, they observed ten first year science teachers, five who were former Learning 
Assistants and five who were not. They also interviewed each teacher. The two groups 
were similar in their concerns about individual accountability and in the benefits of group 
work to communication skills. However, former LAs also discussed the importance of 
building a learning community, while non-former LAs were more viewed group work as 
one way to allocate classroom resources more effectively. The authors link the 
experience of being a Learning Assistant with improved teaching practice for those who 
continue onto teaching careers. 
7. The influence of peer teachers on learning environments 
a. Types of peer teaching. A number of different models of peer teaching exist at 
the university level. It is essential to understand how the Learning Assistant (LA) 
program is similar to other existing programs to discern how prior research outcomes 
may also be expected from the LA program. First, a typology of programs involving peer 
teaching is presented, then this typology is used to evaluate research on peer teaching 
programs to select studies that may also apply to the LA program. A typology of 
programs that incorporate peers in learning activities is presented in Table 1. Note that 
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the use of peer teachers in the classroom can facilitate group work among students in the 
class. 
Table 1: A typology of peer teaching and learning programs offered in college 
Less structured More structured 
Examples Examples 
Peer Instruction (PI), Cooperative Team-Collaborative LAs* Cooperative Based Learning (CTBL) 
Groups led by Problem Based Trained group LAs, UTAs 
classmates Learning (PBL) leaders 
Learning Assistants PLTL, CTBL, Process-
Distinct from (LAs) Undergraduate Integrated into oriented guided 
curriculum Teaching Assistants curriculum inquiry learning 
(UTAs) (POGIL) 
Peer teaching Peer-led Team Peer teaching 
occurs outside Learning (PLTL) occurs during LAs, UTAs 
of class class 
*LAs are used to facilitate collaborative group work and student discussion 
The types of peer teaching can be characterized using four dimensions: whether 
students work in collaborative or cooperative groups, whether the peer teaching is 
integrated into the curriculum or separate, whether the peer teaching occurs during class 
time or outside of class time, and whether the peer teacher is a student in the class, or a 
"near peer". 
The Learning Assistant program occurs during required class time, is not 
integrated into the curriculum, and has trained group leaders who facilitate collaborative 
group work during class. Thus, this study will draw primarily upon the research from 
Undergraduate Teaching Assistants, and also include information about Peer Instruction. 
Studies of other programs that are described in appendix A also inform this research, but 
the outcomes of those studies may be impacted by the different implementation of peer 
teachers within the course structure. 
b. Theoretical framework for the effect of peer teachers on learners. 
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Peer teachers are unique in the proximity of experience and knowledge between 
the learner and the peer teacher. Vygotsky provided insight into the role that a more 
knowledgeable other (MKO) can have on helping an individual move towards a higher 
cognitive level within that individuals "zone of proximal development" (ZPD) (Bunce, 
2003; Harland, 2003). Vygotsky's theory is particularly suitable for the influence that a 
peer teacher can have on a learner, and his work is often cited in the literature about peer 
learning (Bransford, et al., 2000; Harland, 2003; Tien, Roth, & Kampmeier, 2002). 
Vygotsky' s model centers on the interaction between the learner and the MKO, and 
excludes many factors known to be important in the learning process (e.g. prior 
knowledge, confidence, motivation). Despite these limitations, Vygotsky' s theoretical 
model can be a useful theoretical tool to understand some of the established benefits of 
peer teaching. For example, near peer teachers are able to explain concepts in familiar 
terms and understand the challenges of taking the course, a concept called "social and 
cognitive congruence" (Bulte, et al., 2007; Lockspeiser, et al., 2008). Near peer teachers 
also provide another resource within the classroom for questions. In her study of peer 
teachers in the anatomy and physiology course, Hughes (2011) noted that students are 
more likely to ask questions of a peer teacher than a graduate student or professor. 
Viewed with Vygotsky' s model of learning in mind, these two examples demonstrate 
peer teachers' ability to operate within the learner' s ZPD. 
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c. Evidence of benefits of peer teachers for the learners. Incorporating near peer 
teachers into the classroom can benefit the students in the class. Undergraduates have 
been serving as Undergraduate Teaching Assistants, or UT As, in courses for a number of 
years (Mendenhall, 1983; Newton & Ender, 2010). The students in courses that have 
UT As can benefit from having an additional resource for their questions about course 
topics. UTAs are also role models to the students, having passed the course successfully 
(Fingerson & Culley, 2001; Hogan, Norcross, Cannon, & Karpiak, 2007, p. 4). Students 
can gain insight into study habits and strategies from the UT As as they are regarded as 
"expert students" (Longfellow, May, Burke, & Marks-Maran, 2008, p. 4). Helpfulness is 
an important attribute for UTAs, and the UT As who are able to build rapport with 
students are more likely to be perceived as helpful among the students (Filz & Gurung, 
2013, p. 83). In blended learning courses where lectures are delivered online, UTAs can 
provide the main point of contact between the student and the university (Sana, Pachai, & 
Kim, 2011). 
There is some evidence linking the presence of Learning Assistants with student 
achievement in the course. The faculty and staff at CU Boulder have measured the impact 
of the LA program through student results on validated concept inventories in physics 
such as the Force and Motion Conceptual Evaluation (FCME) for introductory calculus-
based physics and the Brief Electricity and Magnetism Assessment (BEMA) for upper-
level physics courses (Ding, Chabay, Sherwood, & Beichner, 2006). Results presented in 
a summary paper show higher "transformed with LA" scores on the BEMA than students 
who had "traditional" instruction (Otero, Pollock, & Finkelstein, 2010). However, both 
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Learning Assistants and the introduction of a new curricular strategy called Tutorials in 
Introductory Physics were introduced simultaneously (Pollock, 2009). This suggests that 
the outcomes for the Learning Assistant program could also result from the use of the 
Tutorials curriculum. The increase in BEMA score cannot be attributed solely to either 
the Learning Assistants or the Tutorials through this particular research design without 
additional confirmatory data. 
d. The role of undergraduate near peer teachers in active learning. The students who 
serve as near peer teachers also gain from this experience. First, they gain experience in 
communication and confidence in their own skills (W eidert, Wendorf, Gurung, & Filz, 
2012). Near peer teachers gain a deeper understanding of the content in the course as a 
result of teaching it (Gray & Otero, 2009). Students also gain confidence in their teaching 
skills, and seek out additional opportunities to teach or consider teaching as a future 
career. Many near peer teachers seek other teaching opportunities during their college 
years (Hughes, 2011), and some even consider teaching as a career (Otero, et al., 2006). 
The experience of being a near peer teacher in the university can also help those near 
peers become better K-12 teachers. In the Learning Assistant program, started at the 
University of Colorado at Boulder, undergraduate peer teachers who continued onto 
teaching careers were more likely to use reform-based strategies such as collaborative 
group work in their own teaching (Gray & Otero, 2009). Similarly, undergraduate 
teaching assistants who continue onto graduate school are more confident in their 
teaching and more likely to use humor in their classroom, which can help improve the 
environment in competitive courses (Weidert, et al., 2012). 
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There are a number of challenges to using near peer teachers in STEM courses. 
Training is very important for undergraduate near peer teachers (Tien, et al., 2002), yet 
training models are few and far between (Khan, Nasti, Evans, & Chapman-Novak:ofski, 
2009). The Learning Assistant approach introduces students to pedagogy through a 
course in science education. This course, taught in the school of education, is modeled 
after the course at CU Boulder and requires Learning Assistants to participate actively in 
the STEM course (Otero, et al., 2010). Understanding education research is an important 
piece of the Learning Assistants' contribution in the classroom. With their understanding 
of misconceptions developed during the LA two credit course the LAs at CU Boulder 
were better able to diagnose student misconceptions in science than the Graduate 
Teaching Assistants (Otero, et al., 2010). Although balancing roles of student and teacher 
can be challenging, research suggests that undergraduates who have a great deal of 
responsibility in their roles are more satisfied with their role as near peer teachers than 
those who did not have as much responsibility (Otero, et al., 2010; Weidert, et al., 2012). 
The undergraduate students in the course also have to accept the near peer teacher's role 
in the course. When peers are in charge of learning, students can become concerned that 
they are not learning enough of the required material (Ramaswamy, Harris, & Tschirner, 
2001), and this can hinder students' satisfaction with near peer teachers. Near peers also 
have limitations. While they may be wonderful role models and facilitators, near peers 
are not as effective at structuring an entire course (Becker & Croskery-Roberts, 2007; 
Bulte, et al. , 2007). 
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Faculty members also need to be invested in the benefits of integrating near peers 
into their classrooms. The CU Boulder Learning Assistant website lists a number of 
courses who have tried peer teachers for each year, and not all of them continue (LA 
Program Website, 2011). If faculty cannot introduce the peer teachers into their course 
effectively, the contributions will be minimized. 
8. Literature review: Structural equation modeling and factor analysis 
a. Structural Equation Modeling (SEM). Structural equation modeling (SEM) 
is a the only currently available statistical technique that allows researchers to 
simultaneously test hypotheses for a number of carefully specified variables (Byrne, 
2009). In preparation for using SEM, researchers consult background literature and 
theory to establish a set of items or variables with shared meaning in order to measure 
constructs of interest to the research. In research where the instruments are being 
developed, the first step of SEM is to use factor analysis to establish a measurement 
model. Factor analysis determines how each item loads onto related items in the study, 
which is one measure of validity, and also establishes the measurement error associated 
with the items, which is a measure of reliability. These relationships are then used to 
establish factors. The second step of SEM is to establish a structural model; structural 
models hypothesize how the factors are related to each other through a path diagram that 
represents the relationships between the variables (Wright, 1934). The hypothesized 
relationships are then tested using the gathered data. The hypothesis testing is a series of 
simultaneous linear regressions for the gathered data among the interrelated variables that 
take the relationships between the variables into account (Bentler, 1980). SEM uses either 
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correlation or covariance matrices derived from the raw data (Byrne, 2009). SEM also 
allows for the estimation of the amount of measurement error, which cannot be estimated 
using traditional multiple regression (Bentler, 1980). Software packages such as LISREL 
(Bentler, 1980; Sorbom & Joreskog, 1981), AMOS (Byrne, 2009), and MPlus (Klinke, 
Mihoci, & Hardie, 2010) have helped facilitate the analysis and the use of SEM among 
social science researchers (Bentler, 1980; Henson & Roberts, 2006). 
b. Factor analysis (FA). Factor analysis (FA) is a special case of SEM that refers 
to a few statistical techniques that examine the original variables to determine the shared 
variance among those variables. FA is used to determine which items share a common 
meaning by one of two ways: exploratory factor analysis (EFA) or confirmatory factor 
analysis (CFA). EFA is used to expose the underlying relationships between items in 
order to sort them into groups, and does not require pre-established theory (Conway & 
Huffcutt, 2003). In CF A, the researcher proposes the relationships between items and 
constructs and then uses the analysis as confirmation of the proposed relationships (T. A. 
Brown, 2006). Henson & Roberts (2006) explain that "EF A is an exploratory method 
used to generate theory" and "CFA is generally used to test theory" (p. 395). 
Principal components analysis (PCA) is a similar technique in which many items 
are grouped together according to how respondents answer questions and question 
meaning (Smith, 2002). PCA is similar to EF A in that both methods "reduce the number 
of variables in the data set, both methods use a covariance or correlation matrix, and that 
both methods often produce similar results" (Klinke, et al., 2010). An important 
· difference between PCA and EF A is that "PCA assumes the total variance of the 
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variables can be accounted for by means of its components (or factors) and hence there is 
no error variance" (Kootstra, 2004, p. 4). PCA is primarily a data reduction technique, 
and does not meet the standards of the common factor model, thus some researchers 
recommend using EFA instead (Floyd & Widaman, 1995). However, the lack of 
theoretical guidance in EFA is troubling to other researchers, who suggest that the 
technique is often used without a clear understanding of the underlying assumptions 
(Fabrigar, Wegener, MacCallum, & Strahan, 1999). 
c. Using SEM and FA. The research should be designed to gather data 
appropriate for FA and SEM analysis, gathering continuous, normally distributed data 
(Floyd & Widaman, 1995; McDonald & Ho, 2002). However, techniques have been 
established to enable the analysis of non normal data using full information maximum 
likelihood or FIML (Enders, 2001; B. 0. Muthen & Asparouhov, 2002). Rhemtulla et al. 
(2012) established that questions with 5 categories or more can be treated as continuous 
data when using robust FIML. 
Models generated in SEM are evaluated using established criteria for overall fit of 
the model, for specific fit, and for model parsimony, which shows a balance between the 
number of variables and the overall outcome (T. A. Brown, 2006). Researchers have 
established criteria for evaluating model fit (L. Hu & Bentler, 1999). When a model does 
not initially meet those criteria, the model is thoughtfully adjusted to ensure that model fit 
is improved while maintaining the theoretical underpinnings of the proposed model 
(Byrne, 2009). 
31 
d. Examples of studies using SEM and FA from the literature review. A 
number of the studies described in the literature review use SEM and CF A in their 
analyses. Inuwa (2012) used PCA to evaluate student feedback about Team Based 
Learning in medical school. Diseth et al. (2003) used CFA and SEM in their study of the 
relationship between personality and academic achievement. Lizzio et al. (2002) used 
SEM in their study of the effect of student perception on course outcomes. Schon wetter 
(2002) used SEM to determine how student background influences students' perceptions 
of teaching behaviors, and the impact on perceived learning and performance on a test. 
Yusef (2011) used SEM to investigate the impact of self-efficacy and motivation on 
students' learning strategies and achievement. Taasoobshirazi & Sinatra (20 11) used 
SEM to gauge the effect of grades and motivation on the level of conceptual change 
among students taking physics. With thoughtfully designed studies and careful analyses, 
the techniques of structural equation modeling and factor analysis can help researchers 
explore a number of different educational environments. 
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CHAPTER THREE: METHODS 
The research on student learning reviewed in Chapter 2 introduces the interplay 
between students' background characteristics, motivations for learning, and learning 
outcomes. Five overall themes emerged from the research presented on learning and 
teaching. First, each student's background has an influence on his or her experience in the 
course. Second, students' perception of the course environment influences their course 
experience. Third, as self-regulated learners, students' perceptions of the course influence 
their behavior in the course. Fourth, students' behaviors in the course impact their 
learning outcomes. Fifth, the self-regulated learner framework views perceptions of 
teaching behaviors as a valid measure of the classroom environment. 
The primary focus of the study presented here is to build and test a quantitative 
model of the impact different sources of support, especially undergraduate LAs, on large 
enrollment science and engineering courses. A mixed method approach provides an 
opportunity for education research to combine the benefits of hypothesis testing and 
generalizable results of quantitative research and the exploration and hypothesis 
generation of qualitative research (Johnson & Onwuegbuzie, 2004). This program 
evaluation constitutes what Creswell & Clark (2007) would call an exploratory design, 
beginning with qualitative methods of interviews and document review, synthesizing 
those data to create a quantitative pilot survey, using the survey analysis and additional 
qualitative data collection interview data to gain additional insight and further refine the 
survey, and conducting an expanded quantitative survey of students in classes with LAs 
as well as a survey of LAs. A diagram showing the waves of qualitative and quantitative 
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data collection and total number of students invited to participate in the surveys is 
presented in Figure 1. 
QUAL QUAN Interviews (n=15) 
r--+ Pilot survey (n=1,000) Reflection review 
fall2011 spring 2012 
-, 
... 
QUAL QUAN 
Interviews (n=S) r--+ Survey (n=1,000) Observations (26 hrs) LA survey (n=lOO) 
fall 2012 spring 2013 
~- -- -. I 
... 
QUAL 
Focus groups {n=lS) 
fall 2013 
Figure 1: Diagram of the mixed-method study 
The quantitative data for this study draw from the survey of students in courses 
with LAs conducted in spring of 2013, two thousand and five hundred students were 
invited to participate in the spring 2013 student survey. A number of different variables 
influence student success in large enrollment courses, and it can be challenging to study 
those environments using traditional research methods. Thus, the technique of studying 
multivariate relationships through structural equation modeling (SEM) was introduced as 
a useful tool. In this chapter, the different constructs of interest introduced in Chapter 2 
will be assembled into a hypothesized theoretical model. Then, the procedure used to 
gather data to test and optimize this model will be described. 
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1. Building a Theoretical Model of the Effect of Peer Teachers on Student Learning 
The initial theoretical model includes three domains of interest: student 
background characteristics, the course environment as viewed through students' 
experiences in the course, and student outcomes. The variables in the study as guided by 
the literature review appear in Table 2. The basic model showing the relationship 
between these variables is presented in Figure 2. 
This model is a generalized version of a few different structural equation models 
from the literature reviewed for this project, including Lizzio's (2002) model of the effect 
of student perceptions on learning outcomes, Pascarella et al.' s (20 11) model of the 
relationship between effective instruction and persistence, and Schon wetter's (2002) 
investigation of the effect of student content knowledge on students' perception of 
teaching effectiveness. The directionality of the arrows between student background and 
student experience is also supported by the literature, as is shown in Table 3. 
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Table 2. Variables for the survey of students in courses with peer teachers 
Variable Citation Descri_Qtion 
Student Assessment of students' background in the 
background content, study habits, help-seeking strategies, 
and motivation for taking the course. 
Content background Richardson & Assessment of students' background in the Price, 2003 course topic. 
Help seeking Karabenick Gauges how students seek help when they 
strategies 2004 need it. 
Study strategies Pintrich et al. Gathers information on whether students study 1991,2004 alone or with others 
Motivation Pintrich et. al. Measures students' rationale for learning, 1991,2004 either for grades or for content mastery. 
Student experience Measuring the students' experience with the 
course. 
Course Lizzio, 2003 Measuring the course environment as 
environment comprised of the workload and teaching. 
Duncan & Gauging the effectiveness of professor's 
Course professor McKeachie teaching and professor's responsiveness to 
2005 questions. 
Undergraduate Fraser & The teaching behaviors of the peer teachers, 
Learning Assistant Treagust including their ability to explain content and 
(LA) 1986, understand students' perspectives. 
The teaching behaviors of the graduate 
Graduate Teaching Lockspieser Teaching Fellows, including their ability to 
Fellow (TF) et. al., 2008 explain content and understand students' 
perspectives. 
Outcome variables Measuring students' outcomes from the course. 
Effectiveness of Seymour et How attending the small group impacts overall 
small group session al.,2000 course success. 
Final grade Zusho,2003 Final numeric grades treated as scores out of 100 points. 
Course satisfaction Smimou & Students' satisfaction with the course. Dahl, 2012 
~and 
Satisfaction 
Figure 2: Basic model of student background, experiences, and learning 
Table 3: Relationship between each variable and course environment 
Influences Influenced 
course by course 
environment environment Source 
Diseth et al. 2003; 
Student background X Richardson & Price, 
2003 
Help seeking strategies X X Karabenick, 2004; Gall 1985 
Study strategies X X 
Robbins et al., 2004; 
Yusef, 2011 
Motivation X X Lau & Nie, 2008; Lizzio& Roland, 2002 
Course professor X Pascarella, 2008, 2011 
Undergraduate Learning Lockspieser et al., 
Assistants (LAs) X 2008; Fingerson & Culley 2001 
Graduate Teaching Fellows 
X 
Bettinger & Long, 
(TFs) 2004 
Effectiveness of small 
group sessiOn X Springer 2000 
Course satisfaction X Srnimou & Dahl, 2012 
Exam scores X Zusho,2003 
Quiz scores X Zusho,2003 
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As is noted in the table, three of the variables in the model can both influence 
students' experience of the course environment and are influenced by students' 
experience of the course environment. Although each of these four variables was 
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assigned to be either an input variable or an output variable for the analysis, the potential 
for these variables to serve as either an input or output variable is important to know to 
evaluate potential additional paths during the analysis of the structural equation model. 
Help seeking strategies are considered to be input variables among the students, as 
supported by Karabenick (2004) and Gall (2005). Study strategies have an effect on 
academic achievement for self-regulated learners (Yusef, 2011). Students' motivation in 
the course is also considered to be an input variable following Lizzio et al.'s (2002) study. 
Although Lau and Nie (2008) show how classroom goals can influence individual 
motivation, the number of different instructors in the courses (professors, TFs, and LAs) 
are likely to prohibit the formation of one set of learning goals for the entire class. 
Confidence in knowledge gained is actually adapted from the self-efficacy scale of the 
MSLQ. 
In this model, peer teachers such as Learning Assistants are one part of the course 
environment. As described in the literature review, teaching behaviors are an important 
factor in establishing course environment. While this study will gather information about 
the teaching behaviors of the professor and the TF, the focus of the study is on the 
teaching behaviors of the undergraduate LAs. Since the TFs and LAs primarily work 
together in the small group sessions (either laboratory or discussion section), students' 
assessment of the effectiveness of the small group session is also an important outcome. 
The updated model is included in Figure 3. 
Student 
Background 
Student 
Experience 
Effectiveness of 
Learning and 
Satisfactioo 
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Figure 3: Model showing influence on student learning and satisfaction 
However, students' study habits and help seeking behaviors are important factors 
in their perceptions of the course environment. Encouraging students to work together on 
problems in groups is a major goal for the LAs and TFs in both discussion sections and 
laboratories. Not all students enjoy working in groups, so students' study habits may also 
have an influence on perceptions of the peer teachers and course environment. The course 
environment may also influence how students study and seek help, but since this survey 
is being conducted at the end of the semester, it is likely that students have already 
established their strategies for studying in these courses. 
Since both peer teachers and the graduate TFs are a source of support for students 
in the course, students' patterns of seeking help may also influence their perceptions of 
those resources. Questions about the frequency of help seeking and students' ideas about 
how helpful different forms of support are to them are included in the survey, as detailed 
in Figure 4. 
Student 
Background 
Graduate 
Student 
Experience 
Figure 4: Final theoretical model 
Effectiveness of Small 
Gt-oup Session 
Learning and 
Satisfaction 
The outcomes of learning and satisfaction can also be further specified in the 
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model. Student satisfaction with the course can be gathered through a self-report measure 
without an issue, as can students' perceptions of the different aspects of the course that 
best helped them learn. Gathering students' grades in the course directly, rather than by 
having students report them, provides a third-party view of student learning. Since final 
grades include a variety of input sources, final grade, exam grades, and quiz grades were 
gathered from the professors for students who consented on the survey. Gathering 
detailed numeric information in addition to a final letter grade provides more flexibility. 
However, since final grades include both quiz grades and exam grades, final grades 
cannot be included in the same analysis as these variables would be collinear. Initial 
analyses suggested that quiz grades were not a well-defined factor, and that exam grades 
were highly correlated with final grade. As a result, the numeric final grade for each 
student who consented was normalized to be between 1 and 100 for each class and that 
final normalized score is used as the learning outcome variable in this study. 
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Since this study brings together the research on student success and the research 
on peer teaching and large science courses, it is expected that the structure of the model 
may change during the analysis. Certain variables that have been identified in the 
literature may not make a significant contribution to the overall model. 
The primary focus of this study is on student responses to an online questionnaire 
given in spring of2013 (BU CRC 3164E) for students in large enrollment science and 
engineering courses that use LAs at Boston University. However, as depicted in Figure 1, 
the development of the survey is informed by a mixed-methods pilot study of LAs and 
students in courses with LAs. Pilot data included interviews of LAs, document review, 
and a pilot survey in April2012 of students who had LAs in their courses (BU CRC IRB 
2729x). 
a. Focus groups. Three focus groups of students who were enrolled in large 
enrollment courses such as introductory chemistry, biology, neuroscience, engineering, 
physics, and chemistry for the health sciences were convened in November of 2013. The 
focus group participants were recruited through an e-mail announcement distributed by 
the professors in the courses, and participants were given pizza, drinks, and Starbucks gift 
cards as an incentive for their participation. The focus groups were conducted in a 
conference room in the School of Education at the Charles River Campus of Boston 
University. This location is convenient for students, yet in a different building than their 
science and engineering classes. A total of 17 students participated in three focus groups; 
three students participated in the first group, six participated in the second, and eight 
participated in the third group. The focus group participants were self-selected, however, 
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students from each of the six classes that were included in the survey sample in April of 
2013 participated in the groups. During the focus groups, students often discussed their 
experience with introductory chemistry, since all students had taken introductory 
chemistry as one of their required courses. Each focus group took approximately one 
hour and was audio recorded and transcribed. 
The purpose of the focus groups was to determine students' strategies for success 
in these large enrollment, required courses. The primary researcher asked the questions 
during the focus groups. Codes were established based on the topics covered in the focus 
groups such as the role that lecture, laboratory, discussion, professor, graduate Teaching 
Fellow and undergraduate LA played in the students' success in the course, and students' 
definitions of course success. Codes were also used to indicate whether the student felt 
the resource (lecture, graduate TF, undergraduate LA) was helpful or not helpful. 
b. Interviews of Learning Assistants. Between Spring 2012 and Spring 2013, a 
series of 20 semi -structured interviews were conducted with 14 LAs and 6 Undergraduate 
Assistants (UAs). Only results of the 14 LA interviews are used for this study. The 
purpose of the interviews was to learn more about why students wanted to be an LA, 
what types of experiences they had as an LA, and how that experience affected their 
experience at BU. All interviews were audio recorded, transcribed, and analyzed using 
H yperResearch. 
c. Review of LA's teaching reflections. During the science pedagogy course, 
LAs write weekly teaching reflections. These reflections were gathered with consent 
from the students during the 2012-2013 year, and were analyzed for recurring themes in 
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HyperResearch. These themes were similar to the themes developed in the interviews, 
including motivation for becoming an LA, experiences as an LA, and the effect of being 
an LA on their overall experience at BU. 
d. Classroom observations. The author of this study taught the LA pedagogy 
class during the fall of 2012 and spring of 2013. To gain a better understanding of the 
working environment for the LAs in her classes, the author observed each of the 13 LAs 
from her fall section twice (26 hours) and 4 of the LAs from the spring section once ( 4 
hours). Each LA was asked for permission to view the class. A total of 30 hours of 
observations were recorded only through field notes; no audio or video recording was 
used. The author began drawing sketches of the group configurations in the classrooms 
midway through the semester to illustrate how well students worked in groups and which 
groups the LA spoke to during the small group session. Feedback was shared with the 
LAs through a written report and with TFs by request. 
e. Qualitative analysis overview. The transcripts from interviews and focus 
groups and the LA's teaching reflections were all saved as text files and imported into 
HyperResearch. The data were organized and analyzed using a thematic approach. Braun 
& Clarke (2006) describe six steps to a thematic approach: becoming familiar with the 
data, establishing an initial list of codes, searching for themes, reviewing themes, 
defining and naming themes, and completing the analysis. Each source of information 
was reviewed to find themes that were commonly mentioned by participants (G. W. Ryan 
& Bernard, 2003) as well as themes that appeared in the literature (Miles & Huberman, 
1994). Field notes were reviewed for common themes. These data are used to provide 
context for the quantitative results. 
3. Statement of the research question 
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The main research question for this study is "What is the role of the different 
aspects of support including the professor, graduate Teaching Fellow, undergraduate 
learning assistant, and the interactions with other students in students' learning outcomes 
and satisfaction with the course?" 
4. Research design 
a. Site. Boston University (BU) is a large, private, research university located in 
Boston, Massachusetts. There are 15,000 undergraduate students at BU, 14,000 graduate 
students, and 2,600 full time faculty members. Over half of the undergraduate students 
enroll in the College of Arts & Sciences (7 ,600). The College of Arts and Sciences and 
the College of Engineering (1 ,300 students) graduate about 28% of BU students with 
STEM majors each year. Of the total population of BU students, 50% identify as white, 
14% as Asian American, 3.2% as African American, and 12% identify as "other". Eight 
percent (8.6%) of the population at BU identify themselves as having Hispanic ethnicity. 
Eleven percent of the sample are international students (BU, 2013). 
The size of the university and the emphasis on STEM education make BU an 
excellent site for studying the impact of peer teaching on large enrollment courses. 
Enrollment for introductory chemistry is typically between 600 and 700 students; 
enrollment for introductory biology is between 400 and 600 students, and introductory 
physics is between 300 and 400 students. 
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b. Description of the Learning Assistant Program. Modeled after the LA 
program at the University of Colorado, the Learning Assistant (LA) program at Boston 
University started in January of 2011 as a partnership between the School of Education 
and the Department of Chemistry in the College of Arts and Sciences (Otero et al., 2006). 
The LA program has been publicized as a model program by the CU Boulder for 
preparing undergraduate science majors to become K-12 teachers (Otero, et al., 2010; 
Otero, et al., 2006). The course website states that the LA program transforms STEM 
education, and defines transformation as "creating environments in which students can 
interact with one another, engage in collaborative problem solving, and articulate and 
defend their ideas" (LA Program Website, 2011). 
An important, distinctive aspect of the LA experience is the two-credit education 
course all LAs are required to take during their first semester of being an LA. During this 
course, the LAs read education research articles about best practices in teaching science. 
LAs are encouraged to apply these concepts in their weekly teaching and reflect on their 
teaching and these concepts through weekly written reflections. The topics include using 
dialogic questioning rather than giving students a univocal direct answer, metacognition, 
misconceptions and preconceptions about scientific concepts, multiple intelligence theory, 
and collaborative group work. This two-credit course in education pedagogy is modeled 
after a similar course at CU Boulder (Otero, et al., 2010). In addition to the course, LAs 
are required to meet weekly with faculty and Teaching Fellows, and review and share 
feedback about course progress and teaching plans. 
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c. Sample. Students in five undergraduate courses at BU were invited to respond 
to an online survey designed in Qualtrics in the spring of 2013: Biology 108, Chemistry 
102, Engineering 301, Neuroscience 102, and Physics 106. The courses were selected 
because they were science or engineering courses that used Learning Assistants during 
the small group sessions. Although data were gathered from other courses, those data are 
not included in this study; the courses included peer teachers who were not Learning 
Assistants, and the researcher in this study decided to focus on the Learning Assistant 
program, rather than three different peer-teaching programs. The name of the course, 
total course enrollment for spring 2013, number of surveys gathered, and number of 
surveys used in the final sample are presented in Table 4. 
Table 4: Response rate for different courses in the survey 
Survey 
Course Population Responses response 
rate 
Biology 108 608 550 90% 
Chemistry 102 565 311 55% 
Engineering 301 123 29 24% 
Neuroscience 102 104 35 34% 
Physics 106 361 73 20% 
Total 1761 998 57% 
5. Independent variables - Multiple item measures. 
The following independent variables were gathered during the online survey in 
the spring of 2013. This set of variables are intended to have multiple items that will be 
reduced to a fewer set of factors through factor analysis. Cronbach's alpha (a) is 
presented for each factor calculated from the pilot study data. Cronbach's alpha (a) is a 
commonly used measure of internal consistency reliability (Gleim & Gleim, 2003), or a 
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demonstration of how consistent the individual items are in a specific scale. Sample 
questions from each question set are included below; an entire list of all questions asked 
in the spring 2013 survey is provided in Appendix B. 
a. Student background. Three background questions are included in the survey. 
Each question is a single-item measure, asking students "Just before you started course 
name, how would you rate your background knowledge?" Students were also asked 
"How many courses did you take in [biology, chemistry, neuroscience, physics, 
engineering]?" in both high school and college. The two questions about number of 
courses were programmed to accept numeric values only. The question about number of 
courses taken in college was removed from the final analysis, since most of the ten 
courses in the study are introductory, so the question did not provide useful information. 
The number of courses taken in high school was used in the model to represent student 
background in the subject matter in the final model. 
b. Group study strategy. The questions in the group study strategy scale describe 
whether students were likely to study in groups or alone (a= .83). Items include "I 
usually studied for exams with other students from the class" and "I studied best alone" 
(reversed). These items are adapted from Pintrich et al.'s (1991) "Resource Management: 
Peer Learning" scale on the MSLQ. Students respond to the question using a five-point 
frequency scale ranging from strongly disagree (1) to strongly agree (5). 
c. Satisfaction in knowledge gained/ Self-efficacy. These questions describe 
whether students feel they are able to understand the topics presented to them in the class 
(a= .81). Items included "I understand the basic concepts taught in the course" and "I 
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expect to do well in this class". These four items are adapted from the "Expectancy 
Component: Self-Efficacy for Learning and Performance" in Pintrich et al.' s ( 1991) 
MSLQ. The five-point response scale ranged from strongly disagree (1) to strongly agree 
(5). 
d. Teaching behaviors: Individual attention. Six items formed the scale that 
measures how frequently the Teaching Fellow and the Learning Assistant give students' 
individualized attention during class (a= .89). Items include "The TF talks individually 
with students" and "The LA goes out of his/ her way to help students", and "The TF 
helps each student who is having difficulty". Each question statement was repeated for 
both the TF and the LA. These items were adapted from the "Personalization" scale of 
the College and University Course Experiences Index or CUCEI (Fraser & Treagust, 
1986). The behaviors of the Teaching Fellow and Learning Assistant were strongly 
correlated, thus these items are grouped together. The five-point response scale was from 
never (1) to always (5). 
e. Perceptions of the professor. Four items about students' perceptions of their 
professor correlated well enough in the initial analyses to create a scale (a= .84). These 
items measured students' perceptions of the activities that helped them learn the material. 
Two of the items were, "How well did the following activities help you learn the class 
materials in this course? Professor's lectures", with a five-point response scale ranged 
from never helpful (1) to always helpful (5), and "Overall, how satisfied are you with the 
following aspects of the course? The course professor" with a response scale of 
completely dissatisfied (1) to completely satisfied (5). 
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f. Perceptions of the Teaching Fellow. Seven items described the effect of the 
Teaching Fellow in explaining concepts to the student (a= .93). Students were asked, 
"How often did your graduate Teaching Fellow do the following during class" and the 
response scale was between never (1) and always (5). These items were adapted from 
three different sources. "My Teaching Fellow shared advice about how to approach 
particular topics in this class" was adapted from the work of Lockspeiser et al. (2008). 
"My Teaching Fellow frames difficult concepts in ways I can understand" was adapted 
from Murray's survey on teaching behaviors (Murray, 1983). "My Teaching Fellow 
helped me think about topics in ways that made sense to me" was modified from an item 
in Rytkonen's (2012) study of the factors that affect the achievement of students studying 
bioscience. 
g. Perceptions of the Learning Assistant. Eight items described the effect of the 
Learning Assistant in explaining concepts to the student (a= .93). These five items 
paralleled the items about the graduate Teaching Fellow, but were asked about the 
Learning Assistant. The one additional item included in the perceptions of the LA scale 
was "How satisfied are you with the following aspects of the course: Learning Assistant", 
rated on a five point scale from "extremely dissatisfied" to "extremely satisfied". 
6. Single item measures 
Many of the professors of these large enrollment courses employ a number of 
different support strategies with the intention of helping their students learn the material. 
In order to understand how the Learning Assistant program compares with some of those 
other strategies, some single item measures were included in the survey. These measures 
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were not designed to have shared meaning and be included in the factor analysis; they are 
designed to provide a broader context for the study. 
a. Rationale for enrolling in course. Students were asked, "How accurately do 
the following reasons describe why you took this course?" Students were given a scale of 
1 =strongly disagree to 5 =strongly agree and were asked to respond for three options 
"The course is required for my major", "The course is required for my future career plans" 
and "I am taking this course out of personal interest". 
b. Helpfulness of support activities. In the survey, students were asked, "How 
well did the following activities help you learn the class material in [biology, chemistry, 
engineering, neuroscience, physics]?" Students were given a list including the textbook, 
lecture, discussion section, Education Resource Center (a tutoring center at BU) and 
online resources. For this set of questions, the survey had a rating scale of 5 = always 
helpful to 1 = never helpful with 3 = helpful about half the time. 
c. Frequency of use of support activities. Students were also asked "When you 
have a question in [biology, chemistry, engineering, neuroscience, physics], how often 
did you use the following resources?" and they were presented a list including asking 
another student, asking a professor during class, asking a TF, asking an LA, and other 
similar resources. Students used a five point rating scale of 1 =never, 3 =about half the 
time, 5 = always. 
d. Satisfaction with different aspects of the course. At the end of the survey, 
students were asked "Overall, how satisfied were you with the following aspects of this 
course?" and given a list including the course workload, the student's learning of the 
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material as the result of the course, the tests, homework, professor, LA, and TF. Students 
responded using a scale of 1 =not at all satisfied, 3 =neutral, and 5 =extremely satisfied. 
7. Dependent variables. 
The following dependent variables were gathered for the survey. Some dependent 
variables were part of the online survey. Others were gathered directly from the 
professors after the student survey participants gave consent for the information to be 
shared with the researcher. 
a. Final grade normalized. Professors were asked to provide the final numeric 
score for students who gave consent to share it. The scores were normalized so that all 
final scores were out of 100 points. This is a single item measure. 
b. Expected grade. Students were asked what grade they expected to receive in 
the class, with a response scale of A, B, C, D, F, and I. This is a single item measure. 
c. Effectiveness of small group session. Since the peer teachers generally work 
in small group sessions, students were specifically asked to evaluate the effectiveness of 
those sessions on their learning in the course. This six-item scale included statements 
such as "Attending laboratory/ discussion prepared me to succeed in this course" and 
"Attending laboratory allowed me to better understand the material covered in this course" 
(a= .93). Five of the six items were used directly from the pilot study (Thompson-Knight, 
et al., 2013). 
8. Major and Plans After College. 
Students were asked to share their major, as well as their intended career plans. 
Each of these is a single item measure. 
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a. Current major. Students were given a list of majors commonly included in the 
student lists provided by the professors. An "other" category was offered to students 
whose majors did not appear on the list. The full list provided on the survey can be found 
in Appendix B. 
b. Plans after college. Students were given a list of possible plans after college 
including graduate school (masters, Ph.D.), professional schools (medical, law, dental, 
vet, nursing, PT, OT), finding a job, and an "other" category with a text box for 
additional clarification. 
9. Demographic Information. 
a. Sex. Students were asked to respond to the question "What is your sex?" 
Students were given male, female, and other as possible options. 
b. Age. Students were asked to respond to the question "In what year were you 
born"? The question was designed to require a numeric response. 
c. Ethnicity. Students were asked to "Please specify your ethnicity", and were 
given the choice of "Hispanic or Latino" and "not Hispanic or Latino". 
d. Race. Students were asked to "Please specify your race", and were given the 
choice of American Indian or Alaska Native, Asian, Black or African American, Native 
Hawaiian or Other Pacific Islander, White, or Prefer not to say. 
e. Language spoken at home. Students were asked to specify, "What is the 
primary language you speak at home?'' Response options were "English" or "Language 
other than English". 
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f. College educated parents. Students were asked to share "Which, if any, of 
your parents attended college?" Students could select either mother, father, both mother 
and father, or neither mother nor father. 
10. Open-ended questions. 
Two open-ended questions were included in the survey. Though open-ended 
questions are generally discouraged because they are time consuming to code, the open-
ended questions enabled students to make additional comments that could be integrated 
into future versions of the survey. The two open-ended questions were as follows: 
1. If you have any specific comments you would like to include about your Learning 
Assistant, please share them here. 
2. Do you have any additional comments about this course that you would like to share? 
Responses from the first open-ended question are summarized in Tables 19 and 20 in 
Chapter 5. 
11. Data Analysis 
The survey used in this research was designed to be able to use structural equation 
modeling (SEM) as a method of analysis. The calculation of maximum likelihood (ML) 
used in SEM requires continuous, normally distributed variables (Floyd & Widaman, 
1995; McDonald & Ho, 2002). All scales have five-point responses, which is suitable for 
SEM analyses (Bollen & Barb, 1981). 
Although the technique of factor analysis is widely used, factor analysis has been 
critiqued for allowing enough researcher subjectivity to enable a number of different 
solutions for a set of data (Cronkhite & Liska, 1976). To minimize subjectivity in this 
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study, factor analysis was approached in a systematic fashion. Testing the measurement 
and structural models on multiple samples provides evidence to support the model. The 
sample size in this study allows for the sample to be randomly divided into two 
subsamples. The EF A is established using the first half of the sample, then the second 
half of the sample was used for the CF A was established with the second half. Dividing 
the sample and doing EF A on one half and CF A on the other reduces the likelihood that 
the associations in the CF A occur by chance, thus providing additional evidence of good 
fit between the CF A and the sample. The entire sample is used with the measurement and 
structural models (Anderson & Gerbing, 1988). 
As mentioned in Chapter 2, factor analysis includes a number of different tools. 
Principal components analysis (PCA) and exploratory factor analysis (EFA) are two 
statistical tools commonly used to take a set of items and reduce the items into a smaller 
set of grouped factors (J.D. Brown, 2010). Although PCA and EFA share some attributes, 
EFA has some distinct advantages over PCA in this study. PCA is better suited for 
reducing a larger number of items to a smaller, grouped set of items; EFA is used to 
gauge how well individual items map onto a latent construct that is not directly 
measureable (Floyd & Widaman, 1995). Since EFA and CFA are both based on the 
common factor model, the analysis from EFA is more mathematically similar to CFA (T. 
A. Brown, 2006). EFA also can be used to estimate measurement error on items, whereas 
PCA assumes there is no measurement error for individual items (Kootstra, 2004). 
The structural model is tested using CFA and MPlus, a software package designed 
for SEM (B. 0. Muthen & Muthen, 2013; L. K. Muthen & Muthen, 2010). The resulting 
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model is evaluated in three ways (T. A. Brown, 2006). First, the overall goodness of fit of 
the model is reviewed to determine how well the proposed model of student strategies for 
success describes the relationships in the gathered data from the survey. Second, the areas 
of poor fit of the model are examined to diagnose potential problems with the proposed 
model. Finally, if the model has good overall fit, the parameter estimates in the model are 
evaluated for the size, direction, and statistical significance of the estimates. If the model 
does not have good overall fit or has many areas of strain, it is customary to reject the 
model before undertaking the third step. 
Goodness of fit of the model is evaluated in three areas: the absolute fit of the 
model, the parsimony fit, and the comparative fit. Absolute fit demonstrates how well the 
hypothesized model describes the relationships in the data. Absolute fit is assessed using 
the model chi square value. The chi square compares the observed relationships in the 
data with the predicted relationships of the model; a result that is not significant suggests 
that the model is a good fit to the data (T. A. Brown, 2006). However, the chi square 
statistic is heavily influenced by sample size, so researchers have developed alternative 
ways to evaluate model fit (Byrne, 2009). Standardized root mean square residual 
(SRMR) is another measure of absolute fit. SRMR is a measure of how well the 
correlation matrix that is predicted by the theoretical model matches the correlation 
matrix generated from the data (T. A. Brown, 2006). SRMR can range between 0 and 1; a 
value of 0 indicates that the predicted and actual correlation matrices match perfectly. An 
SRMR value below 0.5 is accepted as a model with good absolute fit. 
Parsimony fit is assessed through the Root Mean Square Error of Approximation, 
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(RMSEA). RMSEA is a parameter that ranges between 0 and 1, and attempts to 
reproduce the data set with fewer parameters to create a more parsimonious model. A 
cutoff value around 0.06 or below is commonly used as a benchmark for RMSEA (L. Hu 
& Bentler, 1999). Comparative fit statistics compare the hypothesized model with a null 
model that does not specify relationships between the variables to see whether the 
hypothesized model provides a more advantageous fit to the data (Hoyle, 1995). 
Although there are a number of different measures, the Comparative Fit Index (CFI) and 
the Tucker Lewis Index (TLI) are selected for this study for their stability across a 
number of different studies (L.-T. Hu & Bentler, 1995). In particular, a Comparative Fit 
Index (CFI) greater than 0.95, and a Tucker Lewis Indicator (TLI) of greater than 0.95 
suggest a satisfactory fit (L. Hu & Bentler, 1999). 
Often, the initially proposed model does not meet those criteria, and the model is 
adjusted using post hoc procedures (Byrne, 2009). These procedures include examining 
the proposed links between the parts of the model by viewing the modification indices to 
identify areas of poor fit and evaluating whether an adjustment to the model would make 
sense theoretically. The modification index estimates how much the model chi square 
would decrease if a parameter in the model was freely estimated, rather than fixed (T. A. 
Brown, 2006). In each step of the model fitting process, each parameter in the model is 
reviewed for statistical significance and for the contribution it makes to the overall model. 
EF A and CF A are powerful statistical tools that provide a great deal of 
information to the researcher, yet often results are not reported in a way that enables other 
researchers to replicate the results. This study draws upon suggested recommendations 
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for reporting results for EFA (Henson & Roberts, 2006) and CFA (T. A. Brown, 2006; 
Jackson, Gillaspy Jr., & Pure-Stephenson, 2009). Since this study brings together the 
research on student success and the research on peer teaching and large science and 
engineering courses, it is expected that the structure of the model may change during the 
analysis. 
12. Limitations 
The primary data collection strategy for this study is a self-report survey 
conducted at the end of the course. Self-report instruments require thoughtful 
construction, as the wording of the questions can influence how participants respond (N. 
Schwarz, 1999). 
In particular, self-report of grades and GP A can be problematic. In a meta-
analysis of the validity of student grade self-reports, Kuncel et al. (2005) found that 
students with high GPAs gave more accurate reports than students with low GPAs. To 
address the issue of grade reporting, the survey asks students about their perceived grade 
in the course, but also requests student consent to obtain the grades directly from the 
course instructor. Students with lower GP As may not provide consent to have their 
grades included in the study, and that could skew the results. A grade distribution for 
each course has been obtained in order to assess potential response bias among students 
with lower grades in the course. The comparison of the grade distribution for the 
population and the sample is presented in Appendix C. 
Other researchers contend that students cannot accurately assess their own 
learning. Bowman and Seifert (2011) compared measures of student interest and critical 
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thinking with students' self-reported gains in those two areas, and found that students' 
self-reported gains did not align with the gains noted on the independent measures. In a 
similar study, Bowman (2011) reviewed student self-report data on learning gains from 
liberal arts institutions to other types of institutions. Although all correlations between 
self-reported gains and actual gains were low in the study, students from liberal arts 
institutions were better able to assess their own learning gains. In this study, the validity 
of student self-report is addressed in three ways. First, the study does not solely rely on 
student self-report for learning outcomes. Once students provide consent, their grade 
information is obtained directly from their professor. Second, a major purpose of the 
study is to gather students' perceptions of the learning environment, since student 
perceptions play an important role in course success. Students' perceptions of the 
learning environment are captured best through self-report. Finally, the mixed-method 
design of this study allows the results from the student survey to be triangulated with the 
classroom observations, interviews of the Learning Assistants, and results from the 
student focus groups. 
Another potential confound for the study is social desirability bias. Social 
desirability bias describes the tendency for respondents to answer favorably to a set of 
questions. In this situation, there could be tendency for students to respond positively 
about their near peer teachers to make the near peer teachers look good. To minimize this 
concern, students were reminded that their responses would be confidential, and that their 
honest response would help the program. The survey included questions about all aspects 
of support in the course, not just the peer teachers. Additionally, scales indicating 
frequency of teaching behaviors were used in questions about the peer teachers and 
graduate Teaching Fellows. 
13. Implications 
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The results of this study will help university professors better understand the 
impact that near peer teachers have on students' actual and perceived learning outcomes, 
as well as students' satisfaction with the course. Such information can be used to help 
improve the Learning Assistant program. If the outcomes are positive, this information 
will provide an argument for funding the program. The results of this study will also 
provide quantitative, generalizable evidence linking near peer teaching and student 
course outcomes for a variety of courses at a large university. This could inform 
administrators and professors at other institutions as they choose how to support students. 
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CHAPTER FOUR: QUANTITATIVE ANALYSIS 
This chapter begins by presenting the results of the online survey of students with 
peer teachers in their classrooms given in the spring of 2013. First, the sample is 
described using frequencies and descriptive statistics. Then, the proposed model, 
introduced in Chapter 3, is first tested and then revised based on the survey data. Finally, 
the relationships in the model are described and applied to the context of introductory 
science and engineering courses. 
1. Demographics of the survey sample 
The students included in this study come from six different courses at Boston 
University that use Learning Assistants in the courses. The following demographics 
describe the 622 students who were included in the two subsamples analysis used to 
develop and test the model. Table 5 summarizes the number of survey respondents, 
survey response rate by class and overall, and the number of responses that are included 
in the final survey sample. 
Table 5: Survey respondents and final survey sample 
Survey Percent of population Course Population Responses response Sample included in 
rate 
sam le 
Biology 108 608 550 90% 326 52% 
Chemistry 102 565 311 55% 190 31% 
Engineering 30 1 123 29 24% 8 1% 
Neuroscience 102 104 35 34% 30 5% 
Physics 106 361 73 20% 68 11% 
Total 1761 998 57% 622 
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Fifty-two percent of the participants included in the sample are from the Biology 108 
course, and 31% are from the Chemistry 102 course; these two introductory courses are 
two of the largest science courses on campus. Eleven percent of the sample is from the 
introductory physics course Physics 106, 5% are from neuroscience NE 102, and 1% are 
from the Engineering 301 course. 
The majority of the survey participants were female; 67% of the respondents were 
women and 32.8% were men, as detailed in Table 6. Students were also given the option 
to identify their gender as "other", and one student chose to identify in that category. 
Table 6: Gender representation of the sample 
Freguency Percent 
female 417 67 
male 204 32.8 
other 1 0.2 
Total 622 100 
Most students participating in the survey were young adults. The mean age of the 
students was 19.89 years (SD =1.89), with a range of 18 to 51 years old. Sixty-two 
percent of the sample identified their race as white, 24% percent as Asian, 3.8% as Black, 
1% reported their race as American Indian or Pacific Islander. Eight percent of the 
students selected not to report their race by checking "prefer not to say". These results are 
summarized in Table 7. 
Eighty-six percent of the sample reported a non-Hispanic ethnicity, 12.9% 
reported Hispanic ethnicity, and 1.1% (7 students) did not respond to the question, as 
noted in Table 8. 
Table 7: Race distribution of the sample 
Freguency Percent 
American Indian 2 0.3 
Asian 162 26 
Black 26 4.2 
Pacific Islander 3 0.5 
White 374 60.1 
Prefer not to say 55 8.8 
Total 622 100 
Table 8: Ethnicity of the sample 
Frequency Percent 
no answer 
Hispanic 
not Hispanic 
Total 
7 1.1 
80 12.9 
535 86 
622 100 
Seventy-eight percent of the students reported that English was the language spoken in 
their home; only 20% reported a language other than English. This is summarized in 
Table 9. 
Table 9: Language spoken at home 
English 
other than English 
no answer 
Total 
Frequency 
489 
130 
3 
622 
Percent 
78.6 
20.9 
0.5 
100 
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The students in the sample also shared their post-graduate intentions on the survey. 
Forty-three (43.2%) percent of students intend to apply to medical school after graduating, 
16.9% intend to work, and about 19% percent intend to continue in school for a master's 
degree (9%) or doctoral degree (10%), as summarized in Table 10. 
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Table 10: Post-graduate plans of sample (n = 593) 
Freguency Percent 
medical school 269 43.2 
work 105 16.9 
doctorate 62 10 
masters 56 9 
dental school 31 5 
MD /PhD 28 4.5 
vet school 16 2.6 
physical therapy 13 2.1 
nursmg 10 1.6 
law school 2 0.3 
occu2ational theraQy 1 0.2 
Total 593 95.3 
2. Single item measures 
As mentioned in Chapter 3, a series of single item measure questions were 
included in the study to compare the LA program to other support systems available to 
students in these courses. For ease of interpretability, each figure in this chapter is 
formatted as follows: the scale is always from 1 to 5, reflecting the response scale, the 
mean is reported above the bar in the bar chart, and the error bars show the standard error 
around the mean. 
a. Rationale for taking the course. Students were asked whether they were 
taking the course for personal interest, for a future career, or to fulfill a requirement. Each 
question was distinct, so students could "disagree" that he or she was taking the course 
for personal interest, and "strongly agree". Students' responses to those three questions 
are summarized in Figure 5. 
Agreement 
scale 
1= Strongly 
disagree 
5=Strongly 
agree 
5 
4.5 
4 
3.5 
3 
2.5 
2 
1.5 
personal 
interest 
4.4 
required future career 
course 
Figure 5: Reasons why students are taking the course 
The results of the questions about students' majors, intended careers, and reasons for 
taking these courses suggest that students in this sample are enrolled in these courses to 
fulfill requirements for the future, rather than for their own personal learning goals. 
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b. Effect of different aspects of the course on student learning. Students were 
asked to rate how helpful different aspects of the course were to their learning in the 
course. The results for the sample of students appear in Figure 6. 
5 
4.5 
4 
Helpfulness 3.5 
1= Never 
helpful 3 
5= Always 
helpful 2.5 
2 
1.5 
4.18 
3.76 
Figure 6: Helpfulness of course activities in student learning 
3.46 
I: 
The mean rating for helpfulness of interactions with their Teaching Fellow (TF), and 
Learning Assistant (LA), and their laboratory or discussion section are within one 
standard error of each other. Students rated working with their classmates during 
discussion section or laboratory as helpful, but slightly less so than the overall rating of 
the discussion or the lab. 
c. Frequency of use of different support resources. Students were asked to 
share how frequently they used different support resources when they had a question 
about a topic in the course. The results from those questions are presented in Figure 7. 
5 
4.5 
4 3.69 
3.5 
Frequency 
1 =Never 3 
5=Aiways 
2.5 
2 
1.5 
Ask a Ask a TF Ask a LA Ask a Ask a 
student student professor 
online 
Figure 7: Frequency of using different support resources 
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Many students reported that they were more likely to ask another student when they had a 
question in the course rather than asking a TF, LA, or professor. It is likely that students 
are the most available resources to each other since college students live and work 
together. However, students did not frequently ask questions of other students online. In 
the focus groups, students explained that they only asked students who they could trust 
would have an accurate response. The online bulletin board did not consistently provide a 
means of verification of accurate answers, so many students sought help elsewhere. 
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d. Satisfaction with different aspects of the course. The results of the series of 
questions asking about student satisfaction with different aspects of the course appear in 
Figure 8. Students were most satisfied with their Learning Assistant. Teaching Fellows 
were a close second, and the laboratory and discussion sessions led by the TFs and 
assisted by the LAs had the third highest rating. The course professor, workload, and tests 
for the course received lower average ratings than the LAs, TFs, and discussion or 
laboratory section. 
5 
4.5 
4 
Satisfaction 3.5 
1 =Extremely 
dissatisfied 3 
5=Extremely 
satisfied 2.5 
2 
1.5 
4.12 
Figure 8: Student satisfaction with different aspects of the course 
The results presented in Figures 6 through 8 seem contradictory. In Figure 6 students give 
almost equal ratings to the contributions to their learning made by professor's lectures, 
the laboratory or discussion section, and their interactions with the TF and LA. However, 
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Figure 8 shows that students are most satisfied with their LA, and more satisfied with 
their TF than their professor. The students interact with their TFs and LAs more 
frequently than with their professor, as shown in Figure 7. In Chapter 5 the information 
gathered from the focus groups with students in the courses and interviews with Learning 
Assistants is used to provide greater insight into the survey results. 
5. Establishing and testing the model of the effect of near peer teachers on student 
learning outcomes in large enrollment courses 
The survey data are used to test a model for the contribution of the LAs, TFs, 
professor and other students on students' satisfaction and academic performance in the 
course. The overall research question addressed by this model is "What is the role of the 
different aspects of support such as the professor, graduate Teaching Fellow, 
undergraduate Learning Assistant, and the interactions with other students in students' 
learning outcomes and satisfaction with the course?" 
The process of data analysis is summarized below in Table 11. A detailed 
description of the modification steps for the exploratory and confirmatory factor analysis, 
measurement, and structural models can be found in Appendix E. 
Table 11: Data analysis steps for establishing and testing the model 
Steps 
1. Data preparation 
2. Test number of factors (EFA) 
3. Confirm factor structure (CFA) 
4. Test measurement model 
5. Test structural model 
Description 
Select cases suitable for inclusion in the data set. 
Conduct exploratory factor analysis (EFA) to 
examine factor structure. Utilize parallel analysis 
and scree test to determine the number of factors 
in the model. 
Conduct a confirmatory factor analysis (CFA) to 
evaluate how well the items fit the proposed 
factors in an independent sample. 
Test the theoretical relationships between the 
variables using the information from the 
measurement model. 
Present the final model and provide 
interpretation for the model. 
a. Data preparation. The first step was to select the cases in the sample for the 
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analysis. A total of 622 participants met the requirements for inclusion in the sample. The 
622 cases were randomly split into two samples (n = 308, n = 314) in order to determine 
and validate the factor structure. 
b. Determine and test the number of factors (EF A). Exploratory factor analysis 
(EF A) investigates the relationships between each of the variables included in the 
analysis for the purpose of identifying the underlying factors. The fust sample (n = 308) 
was used for an EFA to determine which of the individual items in the survey group 
together into factors. EFA was conducted in Mplus version 7.1 (Muthen & Muthen 2013) 
with full information maximum likelihood (FIML) and oblique rotation (geomin). 
Oblique rotation was selected because it is likely that the factors are correlated with each 
other (T. A. Brown, 2006, p. 3). The results of the EFA were evaluated by determining 
the number of factors and the interpretability of the solution in keeping with Henson & 
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Roberts' (2006) advice to use "multiple criteria and reasoned reflection" in selecting the 
number of factors. 
The Bayesian information criteria (BIC), developed by Schwarz (1978) is a 
standardized value allows for the comparison of different models that are not nested with 
each other. Unlike traditional p values that can only provide evidence against the null 
hypothesis, the BIC can provide evidence in support of a model (Raftery, 1995). 
Specifically, a change in BIC value of more than 10 between two iterative models 
provides a very strong support for the model with the lower value (Raftery, 1995). The 
number of factors was also assessed using Cattell's scree test and Horn's parallel analysis 
(Zwick & Velicer, 1986, p. 399). Results of the parallel analysis and scree test suggested 
between 5 and 6 factors. A six-factor solution was selected based on the interpretability 
of the factors. The six-factor EFA model had an RMSEA of 0.07, an SRMR of 0.03, a 
CFI of0.91, and a TLI of0.85. 
The total variance explained is commonly reported as a measure in PCA. The 
corresponding measure of assessing the results of EF A is the percentage of explained 
common variance (Lorenzo-Seva, 2013). However, the percentage of explained common 
variance can only be calculated for orthogonal rotations, and this study uses an oblique 
rotation. Other parameters such as model fit and parallel analysis provided evidence in 
support of a six-factor solution. The final model had an RMSEA of 0.07, an SRMR of 
0.03, a CFI of 0.91, and a TLI of 0.85, as is summarized in Table 12. The complete 
rotated factor matrix with all factor loadings appears in Appendix E. 
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Table 12: Exploratory factor analysis results (n = 308) 
Factors BIC RMSEA CFI TLI SRMR x2 
4 26107 0.10 0.76 0.69 0.06 1861.16 
5 25885.97 0.09 0.81 0.74 0.04 1502.40 
6 25578.57 0.08 0.88 0.82 0.03 1066.26 
7 25534.31 0.07 0.91 0.85 0.03 889.24 
c. Confirm number of factors (CFA). Confirmatory factor analysis (CFA) 
evaluates how well each of the items maps onto the factors that they were assigned to 
through EFA. Unlike EFA, CFA constrains all item cross loadings to zero, allowing items 
to load only on their specified factors. A confirmatory factor analysis (CFA) was run on 
the second half of the sample (n = 314 ). The goodness of fit statistics and modification 
indices were consulted to help further refine the factors. Modifications were made 
judiciously; only modifications that met theoretical justifications were incorporated into 
the model. The results ofthe CFA appear in Table 13. 
Table 13: Confirmatory factor analysis results (n = 314) 
Trial BIC RMSEA CFI TLI SRMR x2 dfs E-value 
CFA1 23302.6 0.07 0.89 0.88 0.06 1110.78 443 p<.001 
CFA2 23051.64 0.06 0.93 0.92 0.06 869.23 440 p<. 001 
CFA3 22953.20 0.05 0.95 0.94 0.06 760.29 433 p<.001 
The sample size of 314 is regarded as suitably large for CFA (Barrett, 2007). Full 
information maximum likelihood (FIML) is the estimator; FIML was selected for the 
analysis for its ability to perform well even with missing and non-normal data (Enders, 
2001). 
Multiple parameters were used to evaluate the goodness of fit of the model. An 
RMSEA close to or below 0.05 and an SRMR close to or below 0.08 was used to 
71 
evaluate absolute fit, a CFI close to or above 0.95 for comparative fit, and a TLI close to 
or above 0.95 as another comparative fit measure (Hooper, Coughlan, & Mullen, 2008; L. 
Hu & Bentler, 1999). The detailed description of the modifications made between model 
CFA1 to model CFA2 and model CFA3 are included in Appendix E. The final model had 
an RMSEA of 0.05, an SRMR of 0.06, a CFI of 0.95, and a TLI of 0.94. These 
parameters suggest that the proposed factors had a good fit with the data. 
A summary of the latent structure of the questionnaire is presented in Table 14. 
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Table 14: Latent structure of the Student strategies for success questionnaire: 
Confirmatory factor analysis using second half of the sample (n = 314) 
Number Item Standardized Standard 
estimate error 
Group Study 
Q14_1R I studied for exams best alone. 0.77 0.03 
Q14_2 I learned the material better when I can discuss a topic with 0.60 0.05 
someone. 
Q14_3 I usually did homework with other students from the class. 0.62 0.05 
Q14_4 I find the group work in class very helpful for learning the 0.54 0.06 
material. 
Q14_5R I don't learn much from working with others. 0.60 0.06 
Q14_6 I usually studied for exams with other students from the 0.77 0.04 
class. 
Satisfaction 
Q15_1 I understand the basic concepts taught in this course. 0.71 0.04 
Q15_2 I understand the most complex material presented by the 0.76 0.04 instructor in this course. 
Q15_4 I expect to do well in this class. 0.78 0.03 
Q26_1 How satisfied are you with the course workload? 0.56 0.05 
Q26_2 How satisfied are you with your learning of the material in 0.76 0.04 this course? 
Q26_4 How satisfied are you with the tests for the course? 0.66 0.04 
Perceived effectiveness of TF 
Q24_1 My Teaching Fellow shared advice about how to approach 0.84 0.03 particular topics in this class. 
Q24_2 My Teaching Fellow framed difficult concepts in ways I 0.93 0.01 could understand. 
Q24_3 My Teaching Fellow helped me think about topics in the 0.93 0.01 course in a way that made sense to me. 
Q24_4 My Teaching Fellow understood my perspective as 0.82 0.03 someone who has learned this material before. 
Q34_1 The Teaching Fellow talks individually with students. 0.42 0.06 
Q34_3 The Teaching Fellow goes out of his/her way to help 0.42 0.07 students. 
Q34_5 The Teaching Fellow helps each student who is having 0.52 0.06 trouble with the work. 
Q28_8 How satisfied are you with the following? Your Teaching 0.79 0.03 Fellow 
Perceived effectiveness of LA 
Q35_1 My Learning Assistant shared advice about how to 0.89 0.02 
approach particular topics in this class. 
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Q35_2 My Learning Assistant framed difficult concepts in ways I 0.94 0.01 
could understand. 
Q35_3 My Learning Assistant helped me think about topics in the 0.94 0.01 
course in a way that made sense to me. 
Q35_4 My Learning Assistant understood my perspective as 0.82 0.03 
someone who has learned this material before. 
Q26_9 How satisfied are you with the following? My Learning 0.80 0.02 Assistant 
Q34_2 The Learning Assistant talks individually with students. 0.36 0.06 
Q34_4 The Learning Assistant goes out of his/her way to help 0.47 0.06 
students. 
Q34_6 The Learning Assistant helps each student who is having 0.46 0.07 trouble with the work. 
Perceived effectiveness of professor 
Q18_1 How well do the professor's lectures help you learn the 0.85 0.02 
class material? 
Q18_2 How well do the demonstrations by the professor help you 0.82 0.03 learn the class material? 
Q18_3 How well does emailing your professor help you learn the 0.67 0.04 
class material? 
Q26_7 How satisfied are you with the course professor? 0.77 0.03 
Individual attention 
Q34_1 The Teaching Fellow talks individually with students. 0.41 0.06 
Q34_2 The Learning Assistant talks individually with students. 0.44 0.07 
Q34_3 The Teaching Fellow goes out of his/her way to help 0.71 0.05 
students. 
Q34_4 The Learning Assistant goes out of his/her way to help 0.58 0.05 
students. 
Q34_5 The Teaching Fellow helps each student who is having 0.53 0.06 trouble with the work. 
Q34_6 The Learning Assistant helps each student who is having 0.70 0.04 trouble with the work. 
Definitions for each of the variables included in the model appear in Table 15. 
Table 15: Names and definitions for the variables in the model 
Factor name 
Number of courses 
taken in high school 
Group study strategy 
Perceived 
effectiveness of 
professor 
Perceived 
effectiveness of TF 
Individual attention 
Perceived 
effectiveness of LA 
Course satisfaction 
Lab/ discussion 
useful 
Final grade 
Factor definition 
The number of related courses taken in high school. 
A measure of whether students indicate they prefer work in 
groups to study for exams and complete assignments, and 
how much they believe they learn better through discussing 
topics with others. 
A measure of students' perceptions of how well the 
professor's lectures and demonstrations help their leaning, 
how well emailing their professor helps their learning, and 
the student's overall satisfaction with their professor. 
A measure of how much their Teaching Fellow (TF) is 
perceived by students as helpful, whether the TF can 
explain difficult topics clearly, and whether the TF can 
help students think about course topics in ways they can 
understand. 
A measure of the student's perception of how much the TF 
and LA talk with them individually and whether the TF 
and LA make a great effort to help their students. 
A measure of how much their Learning Assistant (LA) is 
perceived by students as helpful, whether the LA can 
explain difficult topics clearly, and whether the LA can 
help students think about course topics in ways they can 
understand. 
A measure of how much students believe they understand 
the basic and complex concepts presented in the course, 
whether students expect to do well, and whether students 
are satisfied with the course workload, tests, and their own 
learning in the course. 
A measure of how effective the laboratory or discussion is 
in helping students learn the material, improve students' 
confidence in their knowledge, and succeed in the course. 
The final grade in the course on a score from 0-100 points. 
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The number of items and reliability for each factor in the model, as measured by 
Cronbach's alpha, is presented in Table 16. 
Table 16: Reliability and item numbers for each factor 
Factor name Cronbach's #items 
alpha 
Number of courses taken in high school N/A 1 
Group study strategy 0.84 6 
Perceived effectiveness of professor 0.83 4 
Perceived effectiveness of TF 0.94 7 
Individual attention 0.88 6 
Perceived effectiveness of LA 0.92 8 
Course satisfaction 0.86 6 
Lab/ discussion useful 0.94 5 
Final grade N/A 1 
d. Test of the measurement model. The measurement model tests how well each 
of the items maps onto the proposed factors and also tests the relationship between the 
factors and dependent variables. The measurement model was tested on the entire sample 
of 622 cases. The goodness of fit statistics and modification indices were consulted, and 
modifications were made cautiously and only with theoretical justification. The results of 
the measurement model testing appear in Table 17. 
Table 17: Measurement model testing (N = 622) 
Trial BIC RMSEA CFI TLI SRMR xz dfs p value 
Ml 52172.40 0.05 0.94 0.94 0.06 1391.66 592 p<.0001 
M2 52036.57 0.04 0.95 0.95 0.06 1268.42 589 p<.0001 
M3 52026.15 0.05 0.95 0.94 0.06 1246.18 588 p<.0001 
The specific modifications made between models M1 , M2, and M3 are provided in 
Appendix E. The final measurement model had a RMSEA of 0.05, an SRMR of 0.06, a 
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CFI of 0.95, and a TLI of 0.94. These parameters suggest that the measurement model 
had a good fit with the data. 
e. Test of the structural model. The structural model specifies and tests specific, 
directional, theoretically justified relationships between the factors and variables. The 
theoretical model was tested on the entire sample of 622 cases, however, only 616 cases 
were included in the analysis. Six cases had missing data for single indicator independent 
variables that cannot be resolved with FIML. As with the EF A, CF A, and the 
measurement model, the goodness of fit statistics and modification indices were 
consulted, and modifications were made cautiously and only with theoretical justification. 
The results of the measurement model testing appear in Table 18. Each modification 
made to the structural model is detailed in Appendix E. 
Table 18: Structural model testing (n = 616) 
Trial BIC RMSEA CFI TLI SRMR xz dfs p_ value 
S1 55067.67 0.04 0.95 0.94 0.06 1469.10 665 p < .0001 
S2 54981.61 0.04 0.95 0.94 0.06 1385.32 664 p < .0001 
After model modification, the goodness of fit statistics for the final model 
demonstrated that the model had a good fit to the data (CFI = 0.95, TLI = 0.94, RMSEA 
= 0.04, SRMR = 0.06). The model showing all relationships tested is in Figure 10. 
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Final grade 
Figure 9: Summary of all relationships tested 
All significant links (p < .001) between variables are indicated with asterisks, all positive 
relationships are colored blue and negative arrows are colored red. Each arrow is 
weighted to represent the size of the standardized coefficient. The final model showing 
only significant relationships appears in Figure 10. 
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Number of 
.67* 
.12 
Final grade 
-.23* 
Figure 10: Final structural model 
The standardized loadings for the final structural model appear in Table 17. 
Table 17: Summary of standardized estimates significance level for the final 
structural model 
Standardized p value 
estimate 
Usefulness of lab/ discussion on 
LA 0.11 0.01 
TF 0.54 0.00 
Group study 0.27 0.00 
Final grade on 
Satisfaction 0.67 0.00 
Lab/ discussion useful -0.23 0.00 
Satisfaction on 
Group study -0.24 0.00 
Professor 0.63 0.00 
TF 0.13 0.00 
Number of courses taken in 0.10 0.01 high school 
TF with 
Group study 0.12 0.02 
LA with 
Group study 0.15 0.00 
TF 0.45 0.00 
Professor with 
Group study 0.19 0.00 
TF 0.23 0.00 
LA 0.15 0.00 
Individual attention with 
Group study 0.08 0.11 
TF 0.29 0.00 
LA 0.09 0.18 
Professor 0.01 0.79 
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5. Interpreting the model of the effect of near peer teachers on student learning 
outcome in large enrollment courses 
The proportion of variance explained for each of the dependent variables is 
provided in Table 18. Slightly less than half of the variance for the three dependent 
variables is explained by the final model. 
Table 18: Proportion of variance explained for the dependent variables 
Variable name 
Final grade 
Course satisfaction 
Lab/ discussion useful 
Proportion of variance 
explained 
0.48 
0.47 
0.47 
a. Interpreting the model. The numbers associated with the paths on the 
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structural model presented in Table 17 are the standardized path coefficients, which can 
be interpreted as standardized regression weights. The strength of the relationship is 
represented as a number between -1 and 1. The strength of the relationship between two 
variables is assessed using the parameters established by Cohen (1992): a small effect 
size is 0.10, a medium effect size is 0.30 and a large effect size is 0.50. The path 
coefficients show the relative strength of the relationship between the two connected 
variables. 
1. Direct effects on final course grade. The model shown in Figure 10 shows that 
students' final course grade in large enrollment courses is directly influenced by only two 
significant factors: their satisfaction with the course, and their assessment of the 
effectiveness of their laboratory or discussion session. 
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a. Satisfaction. Students who report higher satisfaction with the course also have a 
higher final grade in the course, and there is a strong, positive relationship 
between satisfaction and grades CP = 0.67). 
b. Laboratory or discussion useful. Students who perceived the small group 
session was very effective for their learning received slightly lower final course 
grades than students who did not rate the small group sessions as highly. This 
relationship is positive and of medium-sized strength CP = -0.23). 
c. The number of courses taken in high school, perception of the professor, and 
choice of group work as a study strategy did not have a significant relationship 
with the final grade. 
2. Mediating effects. 
a. Course satisfaction. Student satisfaction with the course has significant 
relationships with the professor, the number of courses taken in the subject in high 
school, and whether they choose to study in groups. 
1. Perceived effectiveness of professor. Students' perception of the 
professor has the strongest relationship with their satisfaction (p = 
0.63). Students who perceive the professor to be helpful expect to 
receive a better grade in the course; students who do not perceive the 
professor to be as helpful expect to receive a lower grade in the course. 
2. Number of courses taken in high school. Students who have taken 
more courses in high school in the subject tend to be more satisfied 
with the course (p = 0.10), though the size of this effect is small. 
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3. Perceived effectiveness ofTF. Students who give higher ratings to 
their TF tend to have a higher level of satisfaction with the course ((3 = 
0.13 ), though the size of this effect is small. 
4. Group study strategy. Students who use group study as a strategy tend 
to be less satisfied than students who do not study in groups, as 
demonstrated by the inverse relationship between satisfaction and 
group study strategy ((3 =- 0.24). This relationship has a medium 
sized effect. 
5. Perceived effectiveness of LA. Students' perceptions of their LAs did 
not achieve statistically significant relationships with satisfaction. 
b. Lab/ discussion useful. Students' satisfaction with their laboratory or discussion is 
strongly influenced by their perception of the TF, moderately influenced by their 
preference to study in groups, and has a weak relationship to their perception of 
their LA. 
1. Perceived effectiveness of TF. Students' perception of their TF has a 
strong relationship with their rating of the lab or discussion session ((3 = 
0.54). Students who rate their TFs more highly tend to believe that the 
small group session is useful to their learning in the class. 
2. Group study strategy. Students' use of studying in groups as a study 
strategy has a moderate relationship to student satisfaction ((3 = 0.27). 
Students who study in groups also believe that the small group session 
benefits their learning in the course. 
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3. Perceived effectiveness of LA. Students' perception of their LA has a 
small relationship with student satisfaction CP = 0.11 ). Students who rate 
their LAs highly also perceive the small group session to be useful to their 
learning. 
c. Individual attention. Students' perception of the level of individual attention 
they receive during lab or discussion section had a small, statistically significant 
relationship with their perception of the TF CP = 0.12). 
d. Perceived effectiveness of professor. Students' perception of their professor had 
a significant, medium-sized relationship with their perception of the TF CP = 0.23), 
and a small yet significant relationship with their use of groups as a study strategy 
CP =0.19) and their perception of their LA CP = 0.15). 
e. Perceived effectiveness of LA. Students' perception of their LA had a medium 
sized, statistically significant relationship with their TF CP = 0.45), and a small but 
statistically significant relationship with the use of groups as a study strategy CP = 
0.15). 
f Perceived effectiveness of TF. Students' perceptions of their TFs did not have a 
statistically significant relationship with students' use of groups as a study 
strategy. 
6. Summary of model results 
Overall, three main themes emerge from the model. First, students' satisfaction 
with the course has a strong, positive relationship with their final grade in the course. The 
satisfaction factor included items about students' perception of the workload, satisfaction 
with the teaching and the tests, and their confidence in their own learning as a result of 
the course. 
The second main theme is that students who report studying in a group are less 
satisfied with the course overall, yet also believe the small group session is more 
effective for their learning. However, students who give higher ratings to the laboratory 
or discussion section tend to have slightly lower final grades. The group study strategy 
variable may provide insight into these results. The role of group work will be further 
investigated in Chapter 5. 
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Third, the results of the model indicate that students who to study in groups 
outside of class also believe that the small group sessions in which LAs and TFs work 
together are effective for their learning in the course. There is a positive relationship 
between the group study variable and both TFs and LAs, suggesting that students who 
like to study in groups rate their TFs and LAs positively. Both the LA and the TF have a 
significant effect on the usefulness of the laboratory/ discussion section, though the TF 
has a much stronger effect than the LA. 
Despite the small effect of the LAs on the dependent variables in the model, 
students are extremely satisfied with their LAs (see Chapter 4, Figure 8). The LAs may 
be providing value that may not just be linked simply to the content in the course. The 
contribution that LAs make to the student experience in these large, introductory courses 
will be explored in more detail in Chapter 5. 
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CHAPTER 5: QUANTITATIVE RESULTS 
The roles of the professor, Teaching Fellow, Learning Assistant, and other 
students in the class were quantified using structural equation modeling (SEM) in 
Chapter 4. In Chapter 5, the results from the focus groups, reflections, observations, and 
open-ended questions on the survey provide insight into the relationships represented 
mathematically by the model. The following three questions arise from the quantitative 
model and will be explored with the qualitative results: 
1. Why is there a negative relationship between the perceived effectiveness of the 
laboratory or discussion section and students' final course grade? 
2. Why does group study strategy have a negative relationship with course 
satisfaction and a positive relationship with the perceived effectiveness of the laboratory 
or discussion section? 
3. Why are students so satisfied with their Learning Assistants (LAs), when the 
LAs appear to have a very small impact on their final course grade? 
Evidence for the student perspective was drawn from the three focus groups of 15 
students conducted in November 2013 and from 260 open-ended responses to the online 
survey given in April of2013. Evidence from the LA's perspective was gathered from 20 
interviews of LAs conducted during Spring 2013 and Fall 2013, and a review of the 
teaching reflections of LAs during Fall2012. Finally, evidence from 30 hours of 
classroom observations conducted by the primary researcher provide a third viewpoint of 
how LAs operate in and are perceived by the students in the learning environment. All 
names have been replaced by pseudonyms. 
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These data provide a clear story of how students approach these large enrollment 
courses. The story that emerges from the combination of the available qualitative data is 
that in these types of required courses many students were motivated by grades, not 
mastery of subject matter. As a result, students measured their success through course 
grades. Students quickly discerned that exam scores were the most important predictor of 
grades, so they focused on doing well on the exam. Exams are essentially an assessment 
of individual performance. Students valued of the small group sessions because the 
sessions showed them how to do the problems that will appear on the exams. However, 
the LAs' focus on working in groups and understanding the problem conceptually 
contradicted their students' goal of learning one correct approach to obtaining the right 
answer. Students' satisfaction with their LAs extends beyond just helping them 
understand course topics. Students value their LAs for the useful advice and information 
they provide that helped them integrate into the university community. 
1. Students measure success through course grades and exam scores 
Evidence from the focus groups of students in the course and the interviews with 
the LAs suggests that students define success in their introductory science course as a 
good overall course grade. As these courses are required for their major but not always 
directly related to it, students often saw little utility in studying to master the subject 
matter. Students adopted a performance-based goal of studying for the purpose of getting 
a good grade in the course. The challenging course loads required for students with 
multiple science or engineering classes caused them to seek the most efficient way to 
study to earn the best grade possible. Students who developed an interest in the material 
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also discussed mastery-based goals such as learning the material and being able to 
explain the material to other students. However, the primary focus of many students was 
on getting a good grade in the course. Students evaluated their learning within this 
paradigm. 
a. Evidence from focus groups. During the focus groups, students were asked, 
"What does it mean to be successful in these courses?" Students' responses to this 
question most often included references to earning good grades in the course. Emily, a 
neuroscience major, described how she aimed to get good grades in her chemistry class. 
She explained: 
I also think success for me depends on the course. Like in chemistry, I hated 
chemistry. I was going to get through this. It was just a prerequisite. So for me it 
was only about the grade. I just want to go through here, get a good grade that I'm 
happy with, and that's it. 
Other students echoed this sentiment, equating doing well with good grades. With this as 
the goal, the students quickly figured out that their exam scores contribute the most to 
their final grade, so students became keenly interested in the topics and problems that 
could appear on the exams. Amanda recounted hearing the professor speak about the 
course grading scheme early in the semester. 
At the beginning of the course, Professor Smith said that the exam is important, 
but it's not everything. But then the thing is, if you look at it, each exam is like 10 
percent of your grade and the final is a huge chunk in itself. So each exam isn't 
worth much, but if you plug them all together, it's the majority of your grade ... 
In addition to exams, students also completed online assignments, lab reports, and weekly 
quizzes for these courses. However, students still focused on exam scores as the most 
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important grade. When asked how he determined his grade during the course, Rick 
answered flatly, "I just look at my exam grades, essentially." 
The focus on grades in general and exam performance in particular made exams a 
frequent and recurring topic, mentioned 24 times by 10 of the 15 focus group participants 
during the three focus groups. Students gave a high priority to studying for the exams, 
and always sought out ways of studying for the exams more effectively. Jessica attended 
the office hours for the professor who wrote the exam, so she would "better understand 
the approach that we are supposed to take" towards the exam problems. Rick, Amanda, 
Rebecca, and Jessica described how they used the weekly discussion packets-multiple 
pages of problems that students would work on during the discussion section-to study 
for the chemistry exam. Noting that "the exam most closely resembles the discussion 
packets", Rick made problem solving his key strategy for exam study. Amanda also 
reviewed for exams by "doing discussion packets I left halfway in previous weeks." 
Students discussed whether they studied with others or by themselves. Rick 
preferred to study alone for exams, explaining, "Since exams are a measure of individual 
knowledge, I always study on my own. Because that's how I do best on exams, just from 
my own knowledge." Michelle also thought the best way to study for the exams was to 
do problems by herself. She stated, 
Yeah, since I think for chemistry or problem-based sciences .. .it's really hard to 
work in a group because the test is going to be questions. To get the questions, 
you need to do the problems and the discussion [packets] or in the book or 
something. That's not really a group activity. 
Michelle's comment reinforces the idea that performance on the test is an important focus 
for her, and that she viewed the exam as a measure of individual performance. 
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For some students, group work was helpful in learning the material. However, 
exams reward students who can answer the questions on their own. The laboratory or 
discussion sections helped students with exams because that is where the students learned 
how to solve problems similar to the ones on the exams. Joanne described her satisfaction 
with her experience in the discussion: 
I loved my discussion section. My LAs are fabulous. I think that I consistently do 
well in discussion quizzes because it will be "here's the topic that we're going to 
handle and here's how we're going to handle it". So we solve these problems. 
And we just learned the approach they want us to use, the type of math they want 
us to use. I do very well. And also as a result of going to discussions directly, I 
think, I have consistently beat the chemistry average by a large margin. 
Joanne' s description of how attending discussion directly impacted her exam 
performance underscores how students in these courses always have exam performance 
in mind. Lisa described her discussion section as "systematic"; the TF would show 
students how to solve a problem, and then the students would practice solving similar 
problems. Such a systematic approach met the students' need to learn exactly what types 
of problems would be on the exam, and the need to learn how to solve those problems 
using the correct math and reasoning to optimize their exam grade. 
b. Evidence from LA interviews and reflections. The LAs also described how 
students' prioritized grades over deep learning. This theme was mentioned over 27 times 
by 18 different LAs during the interviews and written teaching reflections. Like the 
students themselves, some LAs recognized that their students enroll in these classes 
because they have to, not because they are personally interested in the subject matter. 
Don, an LA for physics, said, "Most students are taking physics because they have to for 
medical school. They have the mindset of, 'I just need a good grade."' Arthur, another 
90 
physics LA, explained during his interview that his students " ... are motivated because 
they need to get good grades .... But they' re motivated towards getting the grade itself 
rather than getting motivated to learn the subject." 
The focus on grades rather than learning was in direct contrast to the LAs' main 
directive of learning for mastery of the material. In fact, LAs are not supposed to be 
involved with any aspects of grading for the course. In the teaching reflections, the LAs 
described how their students ' concern about grades in the course made their students 
more concerned about getting the right answer than learning how to work through the 
problem. In particular, LAs noted how the students in the course "don't see the point of 
taking the time to run through each step" and were "more concerned about solving the 
problems rather than truly understanding the implications of a particular problem." LAs 
observed students memorizing formulas and applying them without understanding the 
rationale behind them. During her interview, Melinda, a chemistry LA, explained, "I 
notice that when I teach that they just want to know the answer. But it's more important 
for them to understand so they can apply and continue." 
Students' concern with "the right answer" was even more urgent when it came to 
exams. During week 4, students received their first exam back during discussion section. 
In his reflection for that week, William, a chemistry LA, wrote: 
Many of the students were more concerned about the exam [than the discussion 
packet] and were asking me questions such as 'How did you do on the first exam?' 
and 'How do they scale this exam?'. The atmosphere was very stressed and 
anxious and I noticed that many of the students were not as responsive to my help. 
William noticed that the focus on exam performance continued throughout the course. In 
his week 7 reflection, he wished his students would just "step out of the 'Will this be on 
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the exam?' mentality." Since LAs were not in charge of grading or designing the tests for 
the course, they could not influence those aspects of the course. However, midway 
through the semester, the physics professors decided to change the format of the weekly 
discussion packets so the problems had conceptual explanations as answers rather than 
numeric answers. As a result, the LAs noticed that their students became more interested 
in understanding the concepts. Gina, a physics LA, explained, "Having them fill out non-
graded worksheets makes students less stressed in discussion sections, and now they are 
more interested in learning why things work the way they do instead of just wanting an 
answer." Other physics LAs had similar observations, noting how the revised worksheets 
made students more receptive to working with the LAs. 
Still, week after week, many LAs expressed frustration in students' focus on 
grades over understanding. Although the LAs tried to shift students away from thinking 
away from grades and towards true mastery of the subject, their role in the course gave 
them limited leverage to create change in the course. 
2. Collaborative group work is emphasized in the small group sections 
Many of the TFs and LAs encouraged students to work in groups and to help each 
other with questions during the discussion or laboratory time. The focus groups, 
interviews, and reflections provided a number of examples of students working together 
both during class and forming study groups outside of class. The classroom observations 
show that LAs were the primary champions of working together, and many TFs regarded 
the group work part of the class as the LAs' domain. 
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a. Evidence from LA interviews and reflections. Motivating students to work in 
groups was mentioned 44 times by 17 different individuals during the LA interviews and 
teaching reflections. Victoria, who was an LA for chemistry, explained that working 
together enabled students to actively engage in the material. 
So I know the LAs, we encourage people to work in groups ... We hand out the 
discussion packets and say, 'OK, get into small groups'. Then usually if people 
are working by themselves, we will try to encourage them to just join a small 
group. That way if they have questions, they can try and feed off each other's 
ideas and figure it out together versus us just giving people the answers. 
Although Victoria provides a clear explanation for the purpose of having students 
working together, it is unclear if the rationale was ever shared with the students in the 
classes. During the classroom observations, the author witnessed that the LAs were the 
primary champions of working in groups, yet students resisted working together even 
despite the LA's encouragement. During his interview, Paul, a physics LA, explained, 
A lot of students like to work on their own. They don't like this idea or fully 
understand this idea of working in groups. I mean everyone hears this idea - you 
teach, you work in groups; you're a better learner. But for a student to take that to 
heart and really utilize it every week I think it's hard without some type of 
exposure to research or pedagogy. 
In their written reflections, the LAs observed the benefits of students engaging in group 
work. One benefit of working together on a problem is that although each student may 
not be able to solve the problem alone, working with others can provide different 
perspectives. In her LA teaching reflection, Gina noted how a group grappled with a 
difficult problem without her help; each student "knew how to address different parts of 
the same problem, so that together they were able to solve the problem, and to explain 
concepts to each other." Kristina described in her reflection how students would identify 
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problems that their peers had made during the problem solving process and suggest 
alternative ways of approaching the problem. The LAs saw that engaging students in 
thinking about the problem was a better method of learning than just giving them the 
answer. 
While Gina and Kristina noted successful student group work, some LAs noticed 
that the groups were not always as effective as they could be. In his teaching reflection, 
Ken noticed, "The groups always change from week to week, so maybe a way to try and 
alleviate that is to have them sit in regular groups, and so they will be more comfortable 
with each other." In many of these courses, group work is informal; students are not 
given guidelines for how to work with other students in the course, and they are not 
graded on how they work with other students. In a course where students are concerned 
about their grade and trying to learn the material as efficiently as possible, struggling 
through problems with other peers who are at their level may not seem like an efficient 
way to learn. Implementing group work in this informal fashion may limit how seriously 
students take group work, and limit its effectiveness. 
b. Evidence from focus groups. During the focus groups, the topic of studying in 
groups was mentioned 21 times by 10 different focus group participants. Students in the 
focus groups also noted that different groups in lab or discussion sections seemed to work 
more collaboratively than others. Some students described working together on the 
problems as a team. Rick explained how his group collaborated: 
In my discussions, they break us unto groups. And for my group we tend to 
collaborate together. We always try to work together and if we have questions, we 
ask a different group, the group that is right next to us. And then if they can't 
teach us, we just eventually ask the TF. 
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Amanda described her group as less interactive; group members sat together and worked 
on the problems, but only consulted each other if they needed assistance. Other focus 
group participants provided varying descriptions of group work during the laboratory or 
discussion section. When asked whether students in her discussion section worked in 
groups, Lauren responded, "I mean, you can work in groups, but they don't enforce that". 
Although the TF and the LA may encourage students to work in groups during the 
class, they do not require students to work in groups, and the ability to work in groups is 
not assessed as part of the class. As a result, some students work alone, others in groups, 
and others may do a little of both. While it is likely that the different configurations have 
an impact on student learning, specific information on the effect of group work on 
learning outcomes is beyond the scope of the current study. 
Students also studied in groups as a strategy outside of class. Lisa and Jessica 
jointly described group study sessions that took place twice a week in the common rooms 
of Warren Towers, one of the largest dormitories on campus. Jessica explained that she 
participates in study groups in order to "have that extra cemented understanding of the 
help that you get from explaining it to someone. That's how people talk about how you 
learn by teaching. I really subscribe to that. I love that". Lisa's study group formed during 
introductory chemistry in her first year, but continues to meet for her sophomore 
neuroscience class. She describes the group as "chaotic, but in the best way possible". 
Lisa continued, 
The one thing I really, really love about my study group is that everybody brings 
something else to the table. Everyone has a slightly different perspective. So 
there's always one of us in the corner going, wait, that doesn't look right. Does 
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that not look right to you? Then we're kind of like that totally doesn't look right. 
Then we go, 'Matthew, that does not look right.' Then you tell him why it's not 
right.. ... Yeah, study groups are like 60 percent of my success at BU. 
Lisa's description of her group parallels the descriptions of group work offered by the 
LAs Kristen and Victoria in their teaching reflections, in which students' varying 
perspectives allow them to facilitate each other's learning. This suggests that having the 
professor, TF, or LA share some of the benefits of working together with the students 
could potentially make more students receptive to working together during class. 
Many of these large enrollment courses adjust the grades of the students in the 
class based on the mean score for the test, a technique sometimes called grading on a 
curve or curving the class. Such a technique could discourage students from helping each 
other because helping another student could increase the mean for the exam. Students 
were asked whether other students at BU would refuse to help each other in order to 
lower the overall mean for the test. In each focus group, the students maintained that the 
competition between students did not prevent them from helping each other. In fact, 
Michelle explained how she believed that the difficulty of the tests encouraged students 
to study together. 
These tests are so hard that even [for] the best students there are still some areas 
they don't understand. They need help from other people. That' s why everyone 
helps each other, because you need help yourself. 
Just as Lisa and Michelle recognized the benefits of group work, it's likely that 
students who use this strategy see the value of having multiple perspectives in learning 
challenging material. As the LA Paul pointed out, the students may not understand the 
benefits of working together since they may not have seen the research supporting group 
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work as a learning strategy. Thus, students who do not believe there are benefits to 
working together are unlikely to listen to the LA, who has no effect on their grade in the 
class. 
c. Evidence from classroom observations. The classroom observations provide 
additional evidence that group work in the class is associated with the LA. Twenty-six 
chemistry discussion sections were observed during the fall of 2012; four biology 
laboratory sections were observed during the spring of 2013. To better understand and 
depict how students worked in groups, the researcher drew class diagrams of students and 
of how the LAs and the TFs moved about the classroom to interact with groups. Students 
were drawn using arrows to show the direction they were facing. Arrows pointing 
towards each other represent a group, and groups were circled to indicate that they were 
observed interacting with each other at some point during the class. An arrow in blue ink 
represented the path the LA walked, while the TF' s path was marked with black ink. Two 
sample diagrams of classes are shown below, the top illustration shows a class with little 
group work, and the bottom illustration shows a class with more group work. Note that 
the TF' s path is not recorded in illustration 1. 
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Illustration 1: One group in a discussion section of sixteen students 
Illustration 2: Four groups in a discussion section of twenty students 
The observation notes were shared with the LAs in order to provide suggestions 
for improvements. Feedback was also provided to the TF upon request. 
Almost all of the discussions or laboratory sessions followed a similar format. 
The session often started with a short quiz, then the TF would introduce the experiment 
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lab) or on the discussion packet (in discussion). The LA played a supporting role to the 
TF in the first part of the class, helping pass out and collect quizzes, or fielding a question 
from the class if the TF specifically asked for the LA's input. 
Once the group work began, the LA was the primary person circulating among the 
groups and asking and answering questions with students. The LAs often encouraged 
students to work together, recommending that they turn their desks to face each other, 
compare how they solved problems, and explain their solution to others in the group who 
had not yet solved it. The TF played a secondary role, standing at the front of the 
classroom, walking along the periphery, or sometimes even correcting quizzes. On very 
limited occasions, the researcher observed both the TF and the LA actively answering 
students' questions during the group work time. 
When the students did not get into groups or the TF did not help answer questions, 
the part of the class that was the LA's domain became much less effective. Two 
classroom observations will be used to illustrate two extremes, a challenging classroom 
environment for the LA and an enabling classroom environment for the LA. 
A lack of support for problem solving through group work creates a very 
challenging environment for the LA. In one observation, the TF finished a nine-minute 
discussion of the day's topics and the LA passed out the worksheet. The TF did not 
prompt the students to get into groups. The LA quickly suggested that the students could 
work together on the problems, but the students did not move their chairs. The sketch for 
the class arrangement appears below as Illustration 3. 
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Illustration 3: A challenging classroom environment 
The LA first worked with the two students from group 1, then spent some time 
with the students from group 2, who annexed a third student during the class time as 
indicated by the dotted line. Then, she worked with students from group 3. The LA asked 
direct questions such as "What's your y axis" and probing questions such as "Do you see 
that you do it that way?", and "Why don't you think it's right? What did you do"? The 
TF answered some students' questions from the front of the room, and then walked 
around the class checking students' papers and stating "Good, it looks like everyone is 
getting the right answers." Twenty-seven minutes into the fifty-minute class, the TF 
brought the group back together to review some of the questions by doing them on the 
board. The TF solicited answers from the full class using direct questions such as "What 
is the intercept here?" and "So what does the rate tell you?" During the full group work, 
the LA sat on the left side of the class, watching the students. The LA noticed that one 
student raised his hand during the full group work, but his question was not answered 
during class. As the students packed up, the LA approached the student to see if he still 
had a question. 
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It is not surprising that the students in this class did not form groups. First, the TF 
did not encourage group formation. Second, the TF basically reviewed all of the material 
at the end of the class. When the same TF/ LA pair was observed later in the semester, a 
student described to the LA how he was not working on solving the problems because he 
was waiting "for the TF to give us all of the answers." The TF had established this pattern 
for the class, so the students had little incentive to work on the problems. This discussion 
section was a challenging environment for the LA, as the LA had a difficult time getting 
to everyone and a difficult time encouraging students to struggle with problems that 
would be answered by the TF at the end of the class. 
The second example represents a classroom environment that enabled the LA to 
be successful by encouraging group problem solving and supporting the LA's work. 
Eight minutes into this discussion section, the TF introduced the day's discussion packet 
by telling the entire class: "[LA's name] and I want to make sure you understand these. 
[LA's name] and I will make sure you are on the right track." When the TF asked the 
students to get into groups, the nineteen students in the class turned their desks to form 
five clear groups, labeled in Illustration 4. Both the TF and the LA circulated to ask 
questions; the TF walked up and down a central path, while the LA wove in an out of the 
groups in a more circular fashion. 
101 
Illustration 4: An enabling classroom environment 
The group formation allowed the LA to engage with each of the five groups at 
least once during the class. At one point, the LA drew a diagram on the board (left lower 
side of the diagram) as part of her explanation for group 5. Then the LA said, "How 
about you guys work on that?" and told them she would check back in later. The LA was 
not shy about checking in with groups. While talking to group 2, the LA asked a group 
member about a problem, and a group member gave the LA the correct numeric answer. 
The LA challenged the group member for additional explanation because "Numbers 
don't tell you everything ... so you have to tell me what it means." The TF also walked 
around the room, but kept his arms crossed and only engaged with students who asked 
him questions first. At the end of the class, the LA and TF had a brief conversation with 
the entire class after the LA pointed out one particular problem that was likely to be on 
the exam. The TF agreed with the LA's observation, saying "Oh yes, that problem has 
'professor' written all over it." 
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The manner in which the TF helped answer questions during the group work and 
brought the LA into his introduction demonstrated a respect for the LA's role in the class. 
This respect could be one reason why the TF did not engage with the groups to the same 
degree that the LA did; he may not want to trespass on the LA's role as the group work 
guide during the class. The TF also may not be aware of the different pedagogical 
strategies the LA was using. This pattern was repeated in a number of the classes that 
were observed; the TF was in charge of the direct instruction, the LA was in charge of the 
group work. Still, the way that the TF verified the importance of the LA's role and the 
importance of group work set the tone for the students in the class that they are expected 
to be solving problems together in groups. This allowed the LA to interact with a greater 
percentage of students during the small group session. 
These two examples were selected to provide examples of how the classroom 
environment, established primarily by the TF, is critical to the effectiveness of the LA. 
Many of the observations included elements that were both enabling and challenging to 
the LAs. The observations also indicate that the group work and answering questions was 
often considered to be the domain of the LA. When TFs and LAs both prioritized group 
work, students were more receptive to teaming up and working together. The most 
important conclusion from the observations is that the effectiveness of the LAs is 
contingent upon the classroom environment, an environment that is primarily controlled 
by the TF. 
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3. Learning Assistants provide support beyond course content. 
The Learning Assistants encourage students to learn for mastery in situations 
where the students are more likely to be focused on performance and grades. LAs also 
encourage students to work in groups in classes that focus heavily, if not exclusively, on 
individual assessment. Despite the disconnect between group-focused discussion and 
laboratory sessions and students' own goal of doing well on the exams, the survey results 
show that students were extremely satisfied with the LAs (see Chapter 4, Figure 8). The 
students seem to value their interactions with the LA for more than just success within 
the course. In fact, the evidence from the open ended responses to the survey supports the 
idea that students gain value from their interactions with their LA that extends beyond the 
course itself. 
The evidence for this section is drawn from the open-ended question on the 
survey of students in spring of 2013. Evidence from the focus groups also supports this 
section, however, the survey responses provide a more global view of students' 
perceptions of their LAs. Two hundred and eighty student comments from the survey 
responses for the five classes included in this analysis were reviewed and coded. Of those 
responses, 230 were positive about the LAs and 49 were negative about the LAs, 
suggesting that students who took the time to write comments may be more likely to be 
positive about their LAs than students who did not respond to the question. Positive 
comments are summarized in Table 19, and negative comments are summarized in Table 
20. 
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Table 19: Summary of positive comments about LAs from the open-ended question 
on April 2013 survey 
Positive comments Tally Sample quote 
Helpful 76 My LA was engaging, helpful and understanding. 
Generally positive 48 I loved my LAs. They made a big difference to me. 
Explains topics 43 In her passion for the material and ability to explain 
well concepts in simple terms, my LA was inspiring. 
[My LAs] were also very knowledgeable and were able 
Knowledgeable 35 to provide an easy environment where questions were 
never judged and always answered thoroughly. 
Dedicated/ My LA was very knowledgeable and went out of her 
available outside of 25 way to make sure we understood the material and had 
class access to her if we needed help on weekends. 
Provided practical 21 My LA provided great hints on what to study for on the 
advice tests as well as advice about next year class choices. 
Approachable 18 Her personality also makes her very approachable to 
ask questions when [I am] confused. 
My LA was particularly understanding of the 
Understanding/ 16 challenges that a first year chemistry student faces 
respectful when grappling with some of the more difficult 
concepts. 
[The LAs] make me feel like someone truly cares 
Caring 15 about my progress in this course, which is something I 
sincerely appreciate. I don't feel like I am struggling 
alone. 
Passionate about My LA really wants her students to succeed and she's 
subject/ 14 extremely positive about the class. She loves what she's 
motivational helping to teach, making it a lot easier to learn from her. 
[My LA] was constantly walking around the 
Interacted with 7 laboratory, observing students, to make sure everyone 
students was performing the experiments correctly and to 
address any questions that arose. 
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Table 20: Summary of negative comments about LAs from the open-ended question 
on April 2013 survey 
Negative 
comments 
Not 
knowledgeable/ 
uncertain 
Not enough 
interaction 
Unhelpful 
Did not use 
LAs 
Limited by the 
TF 
Communication 
barriers 
Tally Sample quote 
20 Removed and seemed unsure about things. 
11 
6 
6 
3 
1 
My LA stood in the front of the room and didn't 
talk. I don't think she knew our names and she 
didn't seem too enthused to be there. 
He never made an effort to help out anyone, and 
if he did, it was cryptic and never seemed like it 
was actually worth my time to actually ask him 
anything. 
Did not much interact with the LA; did so much 
more with the TF. No knock on the LA, I just 
didn't have as many opportunities to interact with 
the LA. 
My LA was heavily limited by the TF. If she was 
given more of a chance she could have performed 
adequately. 
All the LA's should speak English. My LA a 
difficult time teaching sometime because English 
is not his first language. 
The top three positive ways students described their LAs were "helpful", 
"knowledgeable" and able to "explain topics well." Students valued their LAs for their 
understanding of the course content and their ability to help explain topics in the course 
in a "concise and straightforward manner" using "terms I can easily understand." 
Conversely, students were not satisfied when their LA was not willing to help, or seemed 
uncertain of the material. Language barriers also inhibited the effectiveness of the LA to 
be able to explain topics clearly. 
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Students appreciated how dedicated their LAs were to helping them, describing 
how their LAs stayed late after class, met with them on the weekends to review concepts, 
and responded to questions via email very promptly, sometimes within 10 minutes. In 
contrast, LAs who watched quietly from the front of the room or did not attempt to learn 
the names of the students in the class were not received well by the students. 
Students appreciated the practical advice they received from their LAs. This 
advice included specific tips and strategies for how to solve problems in class, or helpful 
hints about how to perform certain laboratory techniques. Students also valued the advice 
their LAs shared about what courses to take the following semester, and how to find a 
research internship. This advice was unique to the LAs, since the TFs often came from 
other undergraduate institutions and were not familiar with those aspects of BU. 
Students also liked that their LAs were approachable and respectful of all types of 
questions. The LAs did not make students feel uncomfortable about asking questions, and 
did not treat students who asked questions in a condescending or rude manner. The LAs 
treated their questions respectfully, without judgment, and did not make the students "feel 
dumb" for asking a question. 
Students appreciated that their LAs cared about their progress in the course. 
Although caring was not mentioned as frequently as some other topics, it seemed to be 
especially important to some students to have an LA who cared about them. Both female 
and male LAs were described as caring about their students in the comments. Students 
wrote, "She truly cared about the subject and the success of her students," and "He was 
nice and helpful and genuinely cared." 
107 
An LA who was passionate about the subject matter also was motivational to the 
students in the class. Some LAs received a number of comments describing how their 
enthusiasm for the subject "stimulated my interest," and how the LA was "inspiring." 
Some students mentioned how their LAs made connections to the class topics and 
research breakthroughs in the news, bringing additional relevance to the course material. 
Finally, students appreciated LAs who interacted with the students in the class, 
walking around, checking in on groups, and asking students questions. LAs who were 
removed from the class or aloof were viewed negatively. The students noticed when the 
TF and the LA did not work well together during the laboratory or discussion time. 
However, some LAs were able counterbalance that by meeting with students and helping 
them outside of class time. 
The LAs made a positive difference to the students in the course. On the open 
ended survey student, one student explained, 
I believe the reason I did so well in discussion and understand the material so well 
is because my Learning Assistant was so engaging, helpful, and understanding. 
She put a lot of time and effort into helping students really understand the 
information. She was really dedicated to her students and even put in a lot of her 
free time to help students. 
The students recognized and appreciated the LAs who put the effort into helping them 
learn the material. They valued the perspective of someone who had recently learned the 
material, had ben successful in the class, and could explain the concepts in an 
understandable way. They appreciated the extra time and effort their LAs put into the 
course. 
4. Summary 
Each of the three questions posed at the beginning of the chapter are addressed 
briefly as a summary. 
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1. Why is there a negative relationship between the perceived effectiveness of the 
laboratory and discussion section and students' final course grade? 
Students in these required courses with large enrollment measure success in the 
course through their final grades. Final grades are determined primarily by students' 
performance on exams. Exams are taken alone, so students who do well on the exams are 
likely to be students who can solve complex problems on their own. 
Students gauge their study strategies by how efficiently they can prepare for the 
exam. Students see the value of learning how to do the problems through the 
presentations made by the TF in the discussion section, however, students are focused on 
learning the mechanics of how to do the problem in order to replicate it on the exam. The 
most efficient way to do this is through the direct instruction that the TFs provide during 
the first few minutes of class time. Students who are focused primarily on grades are 
likely to be less interested in forming the type of deep understanding of the problem that 
can be developed during the group work part of the course. In fact, students who tend to 
do well working alone are likely to be frustrated by being asked to work in groups, 
especially when the benefits of group work are not presented. Exams are the most 
influential means of assessment in the course. Exams are taken alone, so students who 
prefer group work may not do as well on exams. 
One possible explanation for the negative relationship is that students who study 
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in groups are students who do not perform as well on the exams. However, the current 
study does not provide evidence to support that argument. The results from the 
quantitative model demonstrate no direct statistically significant relationship between the 
choice to study in groups and final grade. 
The negative relationship between final grade and laboratory or discussion section 
indicates that the format of the discussion group may benefit students who choose to 
learn through interacting with their peers. However, the emphasis on exams in the final 
course grade does not reward students who prefer the in class group sessions. Since the 
survey data was gathered in late April and the final grades were compiled in May, the 
model results suggest that students' satisfaction with the workload, the tests, and their 
own confidence in their learning has an effect on their final grade in the course. So, the 
current way that these large enrollment courses are structured benefits students who study 
alone and not students who study in groups, even though collaborative group work is a 
feature of the required laboratory and discussion sessions in the course. 
Ideally, there would be a way to measure the effect of the LA on the student 
learning within the course. As all students in the sample had LAs in their classes, it is not 
possible to determine the exact amount of influence the LA has on the final course grade. 
All courses that use LAs at BU use LAs in all sections of each class, so there are no 
comparison groups available at BU. However, other universities in the early stages of 
adopting an LA program could consider implementing the program in stages so the 
impact could be measured on course sections with students of similar backgrounds. 
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2. Why does group study strategy have a negative relationship with course 
satisfaction and a positive relationship with perceived effectiveness of the laboratory or 
discussion section? 
Working together in groups is a major theme in the small group section, and many 
of the LAs and some of the TFs encourage group work. Thus, students who prefer to 
learn in groups outside of class are likely to prefer working in groups during the 
discussion section. Course satisfaction is tied to grades, which is strongly associated with 
exam performance. The quantitative analysis suggests that students who prefer group 
work do not perform as well on the solitary assessment of exams. The qualitative analysis 
indicates that the students interpret their exam scores as measures of their success in the 
course. The result of the emphasis on the exam, an individually based assessment, is that 
students who study in groups may not do as well as students who study alone. Students 
who choose to study in groups outside of class appreciate the laboratory and discussion 
section, since they are working with their peers. Although working with others is 
encouraged in the format of the laboratory and discussion group, it is not rewarded in the 
overall assessment in the course. 
3. Why are students so satisfied with their LAs since the LAs appear to have a 
very small impact on their final course grade? 
Students had positive interactions with their LAs. Students described how their 
LAs could explain the topics in understandable terms both during the focus groups and in 
the open-ended questions on the survey. LAs recent experience of taking the course 
meant that they were more likely to remember the challenges of learning the material. 
LAs were also valuable sources of information about campus life beyond the specific 
course, including balancing many challenging courses, choosing courses for the 
following semester, and finding research opportunities. LAs were inspirational to the 
students as recent survivors of the course, and proof that they, too, could survive. 
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The addition of LAs to the small group discussions and laboratories at BU has 
enabled collaborative learning with students. However, the graduate TFs do not 
uniformly support the focus on collaborative learning, nor is it seen as enough of a 
priority to be included in the assessments by the professors. As a result, students who 
choose to work in groups as a study strategy are more satisfied with the small group 
session, but less satisfied with the overall course, and tend to do slightly worse in the 
final exam. By devoting time to collaborative work but not ensuring all instructors 
understand the importance of collaboration and including collaboration as part of the 
assessed activities in the course, the professors of large enrollment courses send a mixed 
signal to their students. 
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CHAPTER 6: DISCUSSION AND CONCLUSION 
This study explored the roles of the professor, graduate Teaching Fellows, 
undergraduate Learning Assistants, and other students in the class on student learning 
outcomes and satisfaction in six large enrollment science and engineering courses at BU. 
This chapter begins by addressing the factors that drive student learning and satisfaction 
as suppmted by the quantitative and qualitative evidence gathered in this study. Next, the 
impact of the LAs on the students in the courses is described, as well as the contribution 
of the LA program to the goal of course transformation. Finally, the results of this study 
are synthesized to provide guidelines for the next steps needed to improve undergraduate 
science and engineering education. 
1. Factors that drive learning and satisfaction in large enrollment courses. 
Students' final grades in the course were strongly and positively influenced by 
their satisfaction with the course. Course satisfaction was a combined measure of 
students' satisfaction with the workload, tests, and their confidence in their own learning. 
The focus group results, observations, and LA teaching reflections provided additional 
evidence that final grades are important to students in these required large-enrollment 
courses. Since good grades were the primary goal for students, students who were more 
satisfied with the course workload and exams during the course were more likely to do 
well on the final exam, and more likely to have a better overall grade. In effect, 
satisfaction was a strong positive predictor of final grade. 
Student satisfaction was related to the professor, TF, and whether students choose 
to study in groups. The professor had a large influence on overall satisfaction according 
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to the quantitative model. This large influence was understood by students' comments 
during the focus groups. Students reported that the professor had a critical role in leading 
the lecture part of the course and deciding how to assess student learning. 
The Teaching Fellow had a small but positive influence on student satisfaction in 
the course, but the TF had a large influence on the laboratory or discussion group. During 
the observations, it was clear that the TF led the laboratory or discussion. The TF decided 
how to allocate time during the small group session and how much time is spent speaking 
to the entire class versus having the class work collaboratively. The TF assumed the 
traditional role of a "teacher", someone who stood at the blackboard showing the entire 
group how to solve problems, introducing a new topic, or reviewing a difficult question 
on the quiz. During these mini lectures during discussion section, the TF showed students 
how to solve the types of problems that will be on the exam. Students appreciated this 
direct instruction, especially for learning how to do better on the exam. 
The Learning Assistant did not have an influence on students' course satisfaction 
in the quantitative model. In the classroom observations, LAs rarely stood at the front of 
the class to address the entire group of students. Instead, the LAs worked in small groups 
or one on one with students during the small group time. The time for group work varied 
greatly from section to section, so sometimes the LAs did not get to reach every student. 
Additionally, the LAs did not have a role in the assessment for the course. The LAs do 
not grade quizzes or exams by design, as the LAs are supposed to focus on encouraging 
students to learn the material. The students' focus on grades and performance over 
learning were frustrating to the LAs. Although the LAs did not have an influence on 
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satisfaction in the course, they did have a small and significant influence on students' 
ratings of whether their laboratory or discussion section was helpful. This suggests that 
students recognized and valued the contributions LAs made to the small group session. 
Final grade was also negatively influenced by students' belief that the laboratory 
and discussion sections are useful to their learning. At first, this is surprising, since these 
sections aim to help students learn the material by providing a smaller, less intimidating 
environment with more potential for personal interaction. Yet students who prefer to 
study in groups tend to rate the laboratory and discussion sections as more helpful to their 
learning of the course material than students who prefer to work alone. The evidence 
from Chapter 5 indicated that the students value the small group sessions because these 
sessions offer a systematic introduction to the type of material that will be on the exam, 
as well as strategies for the proper way to do those problems to obtain full credit. Since 
the TF was primarily involved in leading the direct instruction of how to solve the 
problems correctly, the TF had a very strong, positive influence on the utility of the 
laboratory and discussion. Since the LA spent less time in front of the entire class and 
more time working in small groups with students, the association between the LA and the 
usefulness of laboratory or discussion was relatively small. 
Students were primarily interested in getting a good grade in these courses, and 
doing well on the exams is the best way to do well in the course. Examinations rewarded 
students who are able to solve problems individually. Not surprisingly, students who 
favored working in groups did not perform as well on the exams. 
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In an environment where students were focused on exams and exams are 
primarily individualized assessments, the LAs' task to encourage students to work 
together and think deeply about the problems is challenging. In addition, the small group 
sessions in which the LAs work are led by graduate TFs, so the LAs' effectiveness was 
also determined in part by how much the TF is receptive to group work as a learning 
strategy. TFs inadvertently undermine the work of the LAs by giving the answers to the 
problems at the end of class, or by rewarding "the correct answer" without examining the 
process of solving the problem. Conversely, TFs can enable the LAs to be successful by 
treating them as members of the team, by encouraging group work, and by helping 
answer questions during the group work time. 
2. Effects of Learning Assistants on students in large enrollment courses. 
Despite these obstacles, the students in the courses included in this study were 
satisfied with their LAs. Part of this satisfaction is related to the course content. In the 
focus groups and surveys, the students described how their LAs explain topics in clear, 
understandable language, and give their students practical study tips from having just 
taken the course. From a research standpoint, it is very difficult to link the LA's work 
with students' course performance without an experimental intervention, especially since 
there are many different sources of information and support in these courses. Thus, the 
direct link between LAs and course performance remains an area for future research. 
A second source of satisfaction with the LAs was the connection the LAs provide 
to the larger community of students at BU. The LAs gave tips about which courses to 
take, which dorms to live in, how to get a research internship, or how to volunteer at the 
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medical center. The LAs developed friendly relationships with the students, and 
expanded the students' network beyond their own cohort. The significance of these 
networks to students' satisfaction with their BU experience as well as their persistence in 
STEM majors and persistence at BU is another potential area of future research. 
A third source of this satisfaction was completely affective. Many LAs chose to 
become LAs to help their peers succeed in the course (Thompson-Knight, et al., 2013). 
One way to gain their students' trust is to get their students to like them. As a result, the 
LAs were friendly, approachable, helpful, available, respectful, and non-judgmental. First 
and second year students were eager to find someone who they can trust and who will 
give them accurate information in these large, competitive courses. TFs and professors 
may forget how challenging the material can be for beginners; they can seem rushed, 
overwhelmed, and intimidating. The LAs stayed after class to give extra help, they met 
with students on the weekends, and they responded to emails with lightning speed. The 
LAs may not have any direct influence on the grading for the course, but they directly 
influenced the morale of their students. The LA's role in the course was to support 
students learning and encourage them to think about the material. Student feedback from 
the survey and focus groups suggest that students in these large valued the presence of 
helpful and affirming LAs, challenging courses. The LAs cared about and empathized 
with their students, and that made a more positive learning environment. 
3. Role of Learning Assistants in course transformation 
One of the major goals for the Learning Assistant program is to transform 
undergraduate level science education courses. If the LA program is judged by the 
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definition of transforming large enrollment courses by "creating environments in which 
students can interact with one another, engage in collaborative problem solving, and 
articulate and defend their ideas" (LA Program Website, 2011), then the evidence from 
the observations and focus groups suggest that the LAs are transforming the courses at 
BU by enabling group work at the level of individual discussion sections and laboratories. 
However, the effectiveness of the LA program is limited by three aspects of the learning 
environment: the students' focus on grades, the professor's focus on individualized 
exams as the primary measure of course success, and the Teaching Fellow's (TF's) 
willingness to consider group work as a learning strategy. 
Course transformation requires a focus on what students should learn, on 
assessing whether students are learning, and supporting students' learning through 
evidence-based teaching practices (Chasteen, et al., 2011). The LAs supported student 
learning in the evidence-based teaching practice of active and collaborative learning in 
the small group session. The small group session is just one part of these large science 
courses. The professors determine the format of the large-group lecture portion of the 
class, whether it will be a traditional lecture, incorporate some group discussion, or be 
entirely "flipped" by focusing entirely on group discussion. Professors also determine 
how the laboratory part of the course interfaces with the lecture. The Teaching Fellows 
decide upon the format of the small group discussions and laboratory sessions, including 
the amount of time that is dedicated to working in groups. In order to achieve 
transformative change, the instructors in the course and the format of the course must 
provide support for evidence-based practices of science teaching. 
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Assessment is an important piece of the learning experience, as it sends a message 
to students about what types of learning are valued in the course. Research has shown a 
direct link between medical students' motivation to learn anatomy and how much 
anatomy contributed to their overall grades (Wormald, Schoeman, Somasunderam, & 
Penn, 2009). In required introductory courses, students view their grade in the course as a 
goal. As self-regulated learners, students tailor their learning strategies to meet their goals 
(Pintrich, 2004). The content and format that professors choose for the tests is a value 
statement. Students who can perform well on individually based exams that test content 
knowledge and problem solving ability are rewarded with good grades. The focus on 
individually based exams as the most important piece of assessment communicates to 
students that the instructors in the course do not believe that the learning that results from 
collaborative problem solving is a valuable learning outcome in the course. 
The process of taking tests can help students learn. Frequent short quizzes can 
also help students recall content based information (Roediger III, Agarwal, McDaniel, & 
McDermott, 2011). Tests that encourage students to synthesize the information they have 
learned in the form of a short answer are more effective in aiding student learning than 
multiple-choice tests (Larsen, Butler, & Roediger III, 2008). Encouraging students to 
view test taking as a learning experience helps them better evaluate their own learning 
and is a step towards becoming life long learners (Boud & Falchikov, 2006). 
Assessments such as the Immediate Feedback Assessment Technique (IF-AT), in which 
students first take the exam alone and then retake the exam with a group, can demonstrate 
to students that working together is a required part of the course while meeting the 
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ongoing need for individual assessment (Epstein et al., 2010). The importance of grades 
to students, especially in classes that are not personally interesting to them, suggests that 
students will change their learning strategies to meet the required assessments. 
4. Next steps in improving learning environments in large science and engineering 
courses. 
The Learning Assistant model was developed by individuals at CU Boulder, and 
the program has spread across the country as an effective model for improving 
undergraduate education and transforming college-level STEM education courses (Otero, 
et al., 2010). The LA program catalyzes course transformation from the "inside out"; 
professors and TFs see the value of learning for mastery and collaborative learning once 
the LAs become involved with the course. LAs do provide a source of feedback about 
student learning in the course for the professors, and have enabled more active learning 
during discussion and laboratory sections (Thompson-Knight, et al., 2013). However, the 
effectiveness of the LAs is curtailed when the Teaching Fellows and professors do not 
recognize that active learning requires time during the small group session and to be part 
of course assessment. 
The results of this study of six large enrollment courses at Boston University 
suggest three critical next steps on the path to reforming science and engineering 
education at the university level. 
1. Establishing innovative assessments for measuring collaborative 
learning among students that are implementable in large enrollment 
courses. There is great interest in massive online open source courses 
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(MOOCs), which gave similar challenges in assessing learning among a 
large number of students. Collaborative partnerships between on 
campus courses and MOOCs to develop and test new assessment 
strategies could benefit educators in both arenas. 
2. Providing opportunities for professors and graduate students to learn 
more about evidence-based teaching practices. The Center for the 
Integration of Research, Learning and Teaching (CIRTL) network 
provides professors and graduate students with information about best 
practices in teaching (Brower, Carlson-Oakes, & Barger, 2007). Faculty 
and graduate students should be encouraged to participate in CIRTL and 
activities such as teaching lunches, and should be recognized for their 
efforts to improve learning environments in their courses. 
3. Recognize that undergraduate students ' learning goals and expectations 
for the course are an important piece of any curricular reform. 
Professors demonstrate how much they value certain types of learning 
in how they weight different types of learning in the course. In course 
where students prioritize obtaining good grades, assessment drives 
learning. If collaborative problem solving is to be taken seriously by 
students as a learning strategy, students should be provided evidence 
that the strategy is effective, and it should be part of their final grade. 
Large enrollment introductory STEM courses are notorious for being unfriendly, 
intimidating environments, and these environments are difficult to change. By 
incorporating undergraduate near peers into the course, the LA program provides the 
opportunity for active learning in the small group sessions. Course transformation 
requires that professors and Teaching Fellows understand and support evidence-based 
teaching strategies. Reforming science and engineering courses also requires that the 
students in the courses change their expectations about learning from doing well on 
individually based exams to learning how to think deeply about the material and solve 
problems collaboratively. 
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Appendix A: A typology of peer teaching 
This appendix establishes a typology of peer teaching and learning, describes 
relevant literature, and places the LA program within that typology. 
Table Al: A typology of peer teaching and learning programs offered in college 
Less structured More structured 
Examples Examples 
Peer Instruction (PI), Cooperative Team-Collaborative LAs* Cooperative Based Learning (CTBL) 
Groups led by Problem Based Trained group LAs, UTAs 
classmates Learning (PBL) leaders 
Learning Assistants PLTL, CTBL, Process-
Distinct from (LAs) Undergraduate Integrated into oriented guided 
curriculum Teaching Assistants curriculum inquiry learning 
(UTAs) (POGIL) 
Peer teaching Peer-led Team Peer teaching 
occurs outside Learning (PLTL) occurs during LAs, UTAs 
of class class 
*LAs are used to facilitate collaborative group work and student discussion 
a. Collaborative versus cooperative learning. Collaborative learning is the least 
structured type of peer learning referenced in the literature. Collaborative learning has 
been defined as "a pedagogical style that emphasizes cooperative efforts among students, 
faculty, and administrators [benefiting] participants by making them more active as 
learners and more interactive as teachers"(Whipple, 1987). In collaborative learning 
situations, students discuss or solve problems with their peers for one class period and are 
not given specific instructions about the nature of their group work (Prince, 2004; 
Reinhardt & Rosen, 2012; Springer, Stanne, & Donovan, 1999; Topping, 2005). 
A example of collaborative learning is peer instruction (PI), in which students 
discuss and answer questions during lecture (Mazur, 1997). During peer instruction, the 
lecturer poses a question to the class, and then has everyone answer the question on their 
own. The questions are shared with the group either through a low-tech "index card" or 
show of hands, or by a remote control-like device called a clicker (Herreid, 2006; Wolter, 
Lundeberg, Kang, & Herreid, 2011). Peer instruction was first developed in introductory 
classes; however, it has been successfully incorporated in upper level courses such as 
quantum mechanics (Goldhaber, Pollock, Dobson, Beale, & Perkins, 2009), and can be 
incorporated into classrooms with few external resources (Armstrong, et al., 2007). The 
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Learning Assistants help facilitate collaborative group work among students in the small 
group sessions and also help facilitate Peer Instruction during lecture. 
In contrast, cooperative learning is a more structured approach to group work than 
collaborative learning. Cuseo (1992) defines cooperative learning as "a learner-centered 
instructional process in which small, intentionally selected groups of 3-5 students work 
interdependently on a well-defined learning task; individual students are held accountable 
for their own performance and the instructor serves as a facilitator/consultant in the 
group-learning process" (p. 5). In cooperative learning, groups are formed intentionally 
by the instructor, work over a period of time, work on specific projects or goals that are 
designed to enhance the group's interdependence (Cuseo, 1992; Prince, 2004; Springer, 
et al., 1999; Topping, 2005). A key advantage of cooperative learning over collaborative 
learning is in providing students with a structure and clear expectations for their 
contributions to the group (Becker & Croskery-Roberts, 2007; Felder & Brent, 1996). 
Cooperative Team Based Learning (CTBL) is an example of cooperative learning in that 
teams of students are specifically assigned to students in which Problem Based Learning 
is combined with cooperative teams (lnuwa, 2012). The addition of a team component 
furthers the interaction between students when working on the problem. 
b. Level of training for peer teachers. In peer teaching, a peer of the same age or 
slightly older has a leadership role in relation to the group. Peer-led Team Learning 
(PL TL) is one example of peer-led learning. Peer-led team learning (PLTL) utilizes 
groups of students who are led by a student who has recently completed the course or is 
in the course, but receives extra training. This approach has been successful in many 
different subjects including nutrition (Khan, et al., 2009), organic chemistry (Tien, et al., 
2002), and human physiology (Hughes, 2011). Providing training to the leader is 
extremely important for the success of peer-led learning (Sana, et al. , 2011). In PLTL, 
near peers receive some degree of training, and work with students either during course 
time, or through extra-curricular workshops and study sessions. 
Some programs use near-peers as leaders or teachers for the group. A near-peer is 
defined as a "trainee who is one or more years senior to another trainee on the same level 
of medical education training (i.e. medical students teaching other medical students, 
residents teaching other residents (Bulte, et al., 2007). Near-peers have the advantage of 
proximity in age and perspective as the group, but do not have to balance the dual roles of 
leader and student in the course (Kassab, Abu-Hijleh, Al-Shboul, & Hamdy, 2005). 
Peer-Led Team Learning project (PLTL) replaces some of lecture or discussion 
section with peer-led workshops (Gosser & Roth, 1998). High achieving students with 
evidence of positive communication skills are recruited from the course, and given a 
stipend to run the workshops. Peer leaders are trained in content, learning styles, teaching 
methods, diversity concerns, and study skills. Faculty members provide training and the 
curriculum for the workshop sessions. The PLTL model has been adopted by a number of 
different universities in undergraduate education (Chesney, 2011; Gafney & Varma-
Nelson, 2007; Hughes, 2011; Micari, Streitwieser, & Light, 2006; Streitwieser & Light, 
2010; Tien, et al., 2002). A fundamental concept in PLTL is the idea that giving students 
the ability to take more responsibility in their learning leads to better learning (Eberlein et 
al., 2008; Gosser & Roth, 1998). 
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In peer-assisted learning (PAL), peer or near-peer teachers help clarify knowledge, 
and provide formative assessment through optional workshops, meetings, or one-on-one 
tutoring. "PAL is the acquisition of knowledge and skill through active helping and 
supporting among status equals or matched companions. PAL is people from similar 
social grouping, who are not professional teachers, helping each other to learn and by so 
doing, helping themselves" (Topping & Ehly, 1998 p. 1). Topping and Ehly include peer 
tutoring, peer modeling, peer education, peer counseling, and peer assessment within the 
domain of PAL. They but place cooperative learning and peer mentoring outside the 
domain due to the formal nature of those two activities. Many universities sponsor peer-
tutoring programs as a way to provide extra support for their students (Newton & Ender, 
2010; Topping, 2005). Peer tutoring usually occurs in a one-on-one learning situation 
outside class time. A number of studies have heralded tutoring as an optimal form of 
learning (Bargh & Schul, 1980; Bloom, 1984; Chi, Siler, Jeong, Yamauchi, & Hausmann, 
2001; P. A. Cohen, Kulik, & Kulik, 1982), and peer tutoring has been studied in a 
number of different environments (W. Evans, Flower, & Holton, 2001; Lee, 2012; 
Schmidt & Moust, 1995; Tang & Harrison, 2011) 
c. Peer teaching occurs during required or supplemental class time. 
Undergraduate teaching assistants (UT As) assist professors during class time with 
required course materials, and may also run workshops, and hold office hours outside of 
class time (Mendenhall, 1983). UTAs are most often students who have already taken 
and have performed well in the course. UT As serve a role analogous to a graduate 
teaching assistant (GTA) in departments that do not have graduate students (Filz & 
Gurung, 2013). Similar to graduate teaching assistants, providing sufficient training is 
generally recognized as an important for UT As to be successful in the course (Hogan, et 
al., 2007; Park, 2004; Roderick, 2009). The use of near peers is becoming increasingly 
common in medical schools. A near-peer is defined as a "trainee who is one or more 
years senior to another trainee on the same level of medical education training (i.e. 
medical students teaching other medical students, residents teaching other residents 
(Bulte, et al., 2007). The peer teaching programs studied in this program use students 
who have recently completed the course, or near-peers. 
Some peer teaching programs recruit students from the class to lead groups. Peer-
Led Team Learning project (PLTL) replaces some oflecture or discussion section with 
peer-led workshops (Gosser & Roth, 1998). High achieving students with evidence of 
positive communication skills are recruited from the course, and given a stipend to run 
the workshops. Peer leaders are trained in content, learning styles, teaching methods, 
diversity concerns, and study skills. Faculty members provide training and the curriculum 
for the workshop sessions. The PL TL model has been adopted by a number of different 
universities in undergraduate education (Chesney, 2011; Gafney & Varma-Nelson, 2007; 
Hughes, 2011; Micari, et al., 2006; Streitwieser & Light, 2010; Tien, et al., 2002). A 
fundamental concept in PLTL is the idea that giving students the ability to take more 
responsibility in their learning leads to better learning (Eberlein, et al., 2008; Gosser & 
Roth, 1998). Peer leaders have the advantage of proximity in age and perspective as the 
group, but do not have to balance the dual roles of leader and student in the course 
(Kassab, et al., 2005). 
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d. Level of integration of peer teaching in curriculum. Problem-based learning 
(PBL) was first used in medical school as a way of applying a context to the information-
dense core science courses (Mohamed, 2008). Students are introduced to content within 
the context of a patient-based case because students are more likely to retain the 
information with the added context. Problem-based learning can include a faculty or peer 
mentor as a resource (Kassab, et al., 2005). Although problem-based learning usually 
involves students working together (Eberlein, et al. , 2008; Harland, 2003), students can 
also work individually on PBL projects (Pease & Kuhn, 2011). Cooperative Problem-
Based Learning (CPBL) and Team Based Learning (TBL) combine the curricular context 
of a problem with a cooperative learning situation (Inuwa, 2012; Yusof, Hassan, 
Jamaludin, & Harun, 2012). 
Another form of curricular-based peer learning is process-oriented guided inquiry 
learning, or POGIL. POGIL provides structure for the content (inquiry-based) and the 
process students use to approach the content. In POGIL, students first explore the 
problem, then find patterns within the problem that can be generalizable, and finally 
apply their knowledge in a broader context (Eberlein, et al., 2008). POGIL is designed to 
completely replace lecture; the instructor is an information resource for students during 
class time (Mohamed, 2008). Peer-Led Guided Inquiry (PLGI) uses a peer teacher, a 
structured group setting, and an inquiry-based curriculum to convey scientific concepts to 
students (Lewis & Lewis, 2008). PLGI does not replace lecture entirely, but occurs 
during the smaller group "discussion sections". PLGI and POGIL share a common 
curricular focus of inquiry and the use of peers during the learning process. 
e. Situating the Learning Assistant program in the typology. The Learning 
Assistant program occurs during required class time, is not integrated into the curriculum, 
and has trained group leaders who facilitate collaborative group work during class. This 
is summarized in Table A2. 
Table A2. The Learning Assistant Program as viewed in light of the typology of peer 
teaching and learning programs 
Less structured More structured 
Collaborative lAs Cooperative 
Groups led by Trained group lAs 
classmates leaders 
Distinct from lAs Integrated into 
curriculum curriculum 
Peer teaching Peer teaching 
occurs outside occurs during lAs 
of class class 
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Appendix B: Questions for the Biology online survey of students, Spring 2013 
Q10 Just before you started Biology 107, how would you rate your 
background knowledge? 
Response scale: Far below my peers in this class/ somewhat below my 
peers in this class/ equal to my peers in this class/ somewhat above my 
peers in this class/far above my peers in this class 
Q11_1_TEXT How many courses had you taken in biology in high school before you 
started Biology 107? 
Numeric value required 
Q11_2_TEXT How many courses had you taken in biology in college before you 
started Biology 107? 
Numeric value required 
For the next few questions, think about how you interacted with your 
classmates when learning the material. 
Response scale: stron{?ly disa{?ree, disa{?ree, neutral, agree, strongly agree 
Q14 1 I studied for exams best alone. 
Q14 2 I learned the material better when I can discuss a topic with someone. 
Q14 3 I usually did homework with other students from the class. 
Q14 4 I find the group work in class very helpful for learning the material. 
Q14 5 I don't learn much from working with others. 
Q14 6 I usually studied for exams with other students from the class. 
For the next few statements, think about your expectations you had for your 
own performance in Biology 108. 
Response scale: stron{?ly disa{?ree/ disa{?ree! neutral/ a{?ree/ stron{?lyagree 
Q15 1 I understand the basic concepts taught in this course. 
I understand the most complex material presented by the instructor in this 
Q15 2 course. 
Q15 3 I am concerned about my grade in this class. (Reversed) 
Q15 4 I expect to do well in this class. 
How accurately do the following reasons describe why you are taking 
Biology 1071108? 
Response scale: completely inaccurate/ inaccurate/ neutral/ accurate/ 
completely accurate 
Q13 1 This course is a required course for my major. 
Ql3 2 This course is a required course for my future career plans. 
Ql3 3 I am taking this course out ofQ_ersonal interest. 
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For the next few questions, consider how the graduate Teaching Fellow and 
the undergraduate Learning Assistant interact with the students in the 
Biology 108 laboratory. 
Response scale: never/ rarely/ about half the time! frequently/ always 
Q34 1 The Teaching Fellow talks individually with students. 
Q34 2 The Learning Assistant talks individually with students. 
Q34 3 The Teaching Fellow goes out of his/her way to help students. 
Q34 4 The Learning Assistant goes out of his/her way to help students. 
The Teaching Fellow helps each student who is having trouble with the 
Q34 5 work. 
The Learning Assistant helps each student who is having trouble with the 
Q34 6 work. 
Teaching Behaviors: Collaborative environment 
For the next few questions, consider how the graduate Teaching Fellow and 
the undergraduate Learning Assistant encourage the students to work 
together in the Biology 108 laboratory. 
Response scale: never/ rarely/ about half the time/frequently/ always 
Q36 1 The Teaching Fellow encourages the students to get to know each other. 
Q36 2 The Learnin_g_ Assistant encourages the students to get to know each other. 
The Teaching Fellow provides opportunities for the students to interact with 
Q36 3 each other. 
The Learning Assistant provides opportunities for the students to interact 
Q36 4 with each other. 
Q36 6 The Teaching Fellow encourages students to help each other. 
Q36 7 The Learning Assistant encourages students to hel_p each other. 
Perceptions of the Professor 
How well did the following activities help you learn the class material in 
this course? 
Response scale: never helpful/ helpful less than half the time! helpful about 
half the time/ helpful more than ha(fthe time/ always helpful 
Q18 1 Professor's lectures 
Q18 2 Demonstrations by the professor 
Overall, how satisfied were you with the following aspects of the course? 
Response scale: completely dissatisfied/ dissatisfied/ neutral/ satisfied/ 
completely satisfied 
Q26 7 The course professor 
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Perception of the Teaching Fellow 
How often did your graduate Teaching Fellow do the following during 
class? Response scale: never/ rarely/ about halj_the time/ frequently/ always 
My Teaching Fellow shared advice about how to approach particular topics 
Q24 1 in this class. 
Q24 2 My Teaching Fellow framed difficult concepts in ways I could understand. 
My Teaching Fellow helped me think about topics in the course in a way 
Q24 3 that made sense to me. 
My Teaching Fellow understood my perspective as someone who has 
Q24 4 learned this material before. 
Overall, how satisfied were you with the following aspects of the course? 
Response scale: completely dissatisfied/ dissatisfied/ neutral/ satisfied/ 
completely satisfied 
Q26 9 My Teaching Fellow 
Perception of the Learning Assistant 
How often did your undergraduate Learning Assistant do the following 
during class? Response scale: never/ rarely/ about half the time/ frequently/ 
always 
My Learning Assistant shared advice about how to approach particular 
Q35 1 topics in this class. 
My Learning Assistant framed difficult concepts in ways I could 
Q35 2 understand. 
My Learning Assistant helped me think about topics in the course in a way 
Q35 3 that made sense to me. 
My Learning Assistant understood my perspective as someone who has 
Q35 4 learned this material before. 
Overall, how satisfied were you with the following aspects of the course? 
Response scale: completely dissatisfied/ dissatisfied/neutral/ satisfied/ 
completely satisfied 
Q26 9 My Learning Assistant 
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Help-seeking strategies 
How well did the following activities help you learn the class material in 
this course? 
Response scale: never helpful/ helpful less than half the time/ helpful about 
half the time/ helpful more than half the time/ always helpful 
Q18 1 Professor's lectures 
Q18 2 Demonstrations by the professor 
Q18 3 Emailing your professor 
Q18 4 Laboratory 
Q18 5 Interacting with your Teaching Fellow 
Q18 6 Interacting with your Learning Assistant 
Q18 7 Discussing topics with students during lecture 
Q18 8 Working with other students during the discussion 
Q18 9 Reading the textbook 
Q18 10 Homework assignments 
Q18 11 Additional problem sets 
Q18 12 Computer simulations 
Q18 13 Using clickers 
Ql8 14 Diagrams and images 
Q18 15 Education Resource Center 
Hl ki eLp-see ng strategies 
When you have a question in Biology 108, how often do you use the 
following resources? 
Response scale: never, rarely, about half the time, frequently, always 
Q21 1 Ask another student 
Q21 2 Ask the professor during class 
Q21 3 Ask the professor during office hours 
Q21 4 Ask a Teaching Fellow 
Q21 5 Ask a Learning Assistant 
Q21 6 Ask a question online (such as Piazza or Blackboard) 
Q21 7 Ask a tutor from the Education Resource Center 
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Dependent Variables 
Ef£ ectlveness o fS ll G rna s roup ess10n 
For the next few statements, consider how attending the Biology 108 
laboratory influenced your overall learning in the course. 
Response scale: never/ rarely/ about ha(f the time/frequently/ always 
Attending laboratory gave me access to people who can help me learn the 
Q37 1 material. 
Q37 2 Attending laboratory prepared me to succeed in this course. 
Attending laboratory made me more confident about my knowledge of the 
Q37 3 topics covered in the course. 
Attending laboratory allowed me to better understand the material covered 
Q37 4 in the course. 
Q37 5R Attending laboratory was a waste of my time. 
Overall, how satisfied were you with the following aspects of the course? 
Response scale: completely dissatisfied/ dissatisfied/ neutral/ satisfied/ 
completely satisfied 
Q26 10 The laboratory 
Course Satisfaction 
Overall, how satisfied were you with the following aspects of the course? 
Response scale: completely dissatisfied/ dissatisfied/ neutral/ satisfied/ 
completely satisfied 
Q26 1 The workload for the course 
Q26 2 My learning of the material as a result of the course 
Q26 3 My ability to find help when I needed it 
Q26 4 The tests for the course 
Q26 5 The homework for the course 
ersistence (not used in final anal sis) 
DV- grade expectation (not used in final analysis) 
I Q28 I What grade do you expect to receive in this class? 
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Demographics 
Q38 What is your current major? 
What is your current major? -TEXT 
Q38 TEXT 
What are your plans after college? 
Graduate school for a (check one) 
Masters of Arts in Teaching 
Masters 
PhD 
MD/ PhD 
In what field? 
Business School 
Medical School 
Dental School 
Vet School 
Law School 
Teaching elementary/ middle or high school 
Nursing 
Physical Therapy 
Occupational Therapy 
Other professional school 
Volunteer work (Peace Corps, City Year) 
Find a job 
In what field? 
Q39 1 Other (please explain) 
Q39_12_TE 
XT What are your plans after college? -Other: Please explain-TEXT 
Q29 What is your sex? 
Q32 In what year were you born? (yyyy) 
Q33 Please specify your ethnicity. 
Q34 Please specify your race 
Q35 What is the primary language you speak at home? 
Q41 1 Which, if any, of your parents attended college?-Mother 
Q42 2 Which, if any, of your parents attended college?-Father 
Q43 3 Which, if any, of your parents attended college?-Both mother and father 
Q44 4 Which, if any, of your parents attended college?-Neither mother nor father 
Do you have any additional comments about this course that you would like 
Q39 to share? 
Q38 Thank you for answering this survey. 
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Appendix C: Comparison of grades from survey sample and population of students 
Students were asked for their consent to have their professors share their grade 
information on the survey. In addition to providing the lists of grades for consenting 
students , professors were asked for an overall course distribution of how many As, A-s, 
B+s, Bs, B-s were given for the class in order to gauge how well the sample of students 
who consented to share their grades matched the overall population of students in the 
course. Figure Al shows the grade distribution for the entire population of all courses 
compared to the grade distribution for the "have information and single survey" subgroup. 
As may be expected, the sample over represents students with higher grades; specifically, 
A, A- and B, and C+ students and underrepresents the B-, B+, C, D, and F students. In 
order to mitigate the possible error caused by oversampling students with higher grades, 
all completed independent surveys were included and full information maximum 
likelihood (FIML) was used in the analysis. 
Table A3: Percentage of students receiving different letter grades in the survey 
sample and course population 
A A- B B- B+ c C- C+ D F I 
Sample % 13% 13% 21 % 12% 14% 9% 4% 13% 1% 1% 0% 
Population % 9% 11 % 14% 19% 16% 18% 12% 6% 3% 2% 
Figure Al: Grade distribution for all students in the courses in the sample 
25% 
sample % 
20% population % 
15% 
10% 
5% 
0% 
A A- B B- B+ C C- C+ D F 
Appendix D. Interview protocol for Learning Assistant Interviews, reflection 
reviews, and observation guidelines 
Analysis of the written weekly reflections: 
1. What are the common themes in the Learning Assistant's written reflections? 
2. What are some of the challenges Learning Assistants face? How do they plan to 
overcome those challenges? 
3. Is there evidence of a progression over time? Are Learning Assistants learning 
effective teaching strategies and are they able to implement them? 
Learning Assistant Interview questions: 
1. How did you find out about the Learning Assistant Program? 
2. What motivated you to participate in the program? 
3. How has this experience changed your attitudes towards teaching? 
4. Has this experience had an effect on your own study habits? 
5. Has this experience had an effect on your understanding of chemistry topics? 
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6. (If a first year LA) If you did return for a second semester as a Learning Assistant, how 
do you feel your experience would be different? 
(If a second year LA) How is your second semester as a Learning Assistant different 
from your first? 
Observation guidelines: 
1. Observe LA's role in the class, including interacting with students and TF 
2. Determine if there are ways to improve the effectiveness of the LA. 
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Appendix E. Description of model revisions for EF A, CF A, measurement, and 
structural models 
This appendix provides a detailed description of each step of the exploratory and 
confirmatory factor analyses, as well as the measurement and structural models. 
1. Exploratory factor analysis (EF A) 
All of the items included in the model already have theoretical associations with 
the factors to be measured. The purpose of doing an EF A is to ensure that there are no 
additional relationships between items that the researcher may not have detected. This is 
distinct from CFA in that all relationships between the factors and the items are tested in 
EFA, whereas CFA restricts the items to load onto one particular factor. 
Table A4 summarizes the EFA results for 4,5,6, and 7 factors. 
Table A4: Exploratory factor analysis (EFA) results 
Factors BIC RMSEA CFI TLI SRMR x2 
4 26107 0.10 0.76 0.69 0.06 1861.16 
5 25885.97 0.09 0.81 0.74 0.04 1502.40 
6 25578.57 0.08 0.88 0.82 0.03 1066.26 
7 25534.31 0.07 0.91 0.85 0.03 889.24 
The combination of a drop of more than 10 in the Bayesian information criterion 
(BIC), and consulting the rotated factor matrix for each of the numbers of factors tested 
to ensure that the factors were theoretically meaningful resulted in the selection of the 
six-factor model. Items from Q34loaded onto two factors. Items Q34_1 , Q34_3, and 
Q34_5 loaded onto the Individual attention factor and the TF factor, items Q34_2, Q34_ 4, 
and Q34_6 loaded onto the Individual attention factor and the LA factor. 
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Table AS: Rotated pattern matrix for six factor solution 
Question Question Group Satisfaction 1F LA Professor Individual study attention 
I studied for exams best alone. Q14_1R 0.76* -0.12 0.00 -0.09 -0.01 0.03 
I learned the material better when I Q14_2 0.65* 0.12 -0.01 0.05 0.06 -0.04 can discuss a topic with someone. 
I usually did homework with other Q14_3 0.67* -0.04 0.00 0.00 -0.07 0.00 students from the class. 
I find the groupwork in class very Ql4_4 0.50* -0.14 0.23* 0.03 0.23* 0.02 helpful for learning the material. 
I don't learn much from working Q14_5R 0.62* 0.00 0.02 0.08 0.1 0.01 with others. 
I usually studied for exams with Q14_6 0.87* 0.13 -0.03 -0.04 -0.11 -0.03 other students from the class. 
I understand the basic concepts Q15_1 0.02 0.69* 0.03 0.10* 0.02 0.06 taught in this course. 
I understand the most complex 
material presented by the Q15_2 0.01 0.83* 0.02 0.01 -0.06 -0.10 
instructor in this course. 
I expect to do well in this class. Q15_4 
-0.02 0.74* -0.08 -0.02 0.07 0.10 
Satisfaction with the workload for Q26_1 0.09 0.50* 0.05 0.08 0.16 0.03 the course 
Satisfaction with my learning of 
the material as a result of the Q26_2 0.03 0.65* 0.18* -0.06 0.21 * 0.00 
course 
I am satisfied with the tests for the Q26_4 
-0.02 0.53* -0.02 -0.01 0.38* -0.04 course 
How well professor's lectures Q18_1 
-0.04 0.09 -0.03 -0.04 0.83* 0.03 allow me to learn 
How well demonstrations by the Q18_2 0.08 0.09 -0.01 0.07 0.72* -0.01 professor allow me to learn 
How well emailing the professor Q18_3 0.00 0.05 0.03 -0.01 0.51* 0.02 allows me to learn 
Satisfaction with the course Q26_7 
-0.01 -0.03 0.01 -0.01 0.86* -0.01 professor 
How often I ask a TF Q21_4 0.12 -0.17 0.48* 0.07 0.09 -0.09 
My TF shared advice about how to 
approach particular topics in this Q24_1 
-0.02 0.03 0.83* 0.06 -0.04 -0.01 
class. 
My TF framed difficult concepts Q24_2 
-0.04 -0.01 0.87* 0.02 0.06 -0.09 in ways I could understand. 
My TF helped me think about 
topics in the course in a way that Q24_3 
-0.05 0.01 0.88* 0.02 0.00 -0.03 
made sense to me. 
My TF understood my perspective 
as someone who has learned this Q24_4 
-0.03 0.08 0.81* 0.04 -0.07 -0.03 
material before. 
Satisfaction with the TF Q28_8 0.02 -0.06 0.84* -0.11 0.03 0.14* 
How often I ask a LA Q21_5 0.11 -0.17 0.13 0.43* 0.10 0.01 
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Table AS: Rotated pattern matrix for six factor solution (continued) 
Question Question Group Satisfaction 1F LA Professor Individual study attention 
My LA shared advice about how 
to approach particular topics in Q35_1 -0.01 -0.03 0.03 0.85* 0.03 0.00 
this class. 
My LA framed difficult concepts Q35_2 0.04 -0.02 0.03 0.88* -0.01 -0.06 in ways I could understand. 
My LA helped me think about 
topics in the course in a way that Q35_3 0.01 0.05 -0.01 0.91* -0.03 0.00 
made sense to me. 
My LA understood my perspective 
as someone who has learned this Q35_4 0.00 0.06 0.02 0.81* -0.04 -0.05 
material before. 
Satisfaction with the LA Q26_9 
-0.03 -0.01 -0.06 0.76* 0.02 0.12* 
The TF talks individually with Q34_1 0.05 0.06 0.56* 0.06 -0.06 0.36* students. 
The LA talks individually with Q34_2 0.02 0.01 -0.01 0.54* -0.04 0.43* students. 
The TF goes out of his/her way to Q34_3 0.01 -0.02 0.73* -0.05 0.00 0.40* help students. 
The LA goes out of his/her way to Q34_4 
-0.04 0.00 0.01 0.59* -0.02 0.53* help students. 
The TF helps each student who is Q34_5 
-0.01 0.04 0.68* -0.02 -0.01 0.50* having trouble with the work. 
The LA helps each student who is Q34_6 0.00 -0.02 0.01 0.62* 0.05 0.61* having trouble with the work. 
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2. Confirmatory factor analysis (CFA) 
After the number of factors is established using EF A, a confirmatory factor 
analysis (CFA) was completed. After each analysis step, the model fit parameters were 
reviewed, and modification indices and theoretical justifications were consulted to adjust 
the model fit. The initial model, summarized in CFAl, does not fit the data very well. 
Although the RMSEA is below 0.08 and the SRMR is 0.06, both the CFI and TLI are 
below the cutoff value of 0.90. 
Table A6: Confirmatory factor analysis summary of results 
SteQ BIC x2 dfs l!. RMSEA CFI TLI SRMR 
CFA1 23302.59 1110.78 443 p < 0.000 0.07 0 .89 0 .88 0.063 
CFA2 23051.64 869.23 437 p < 0.000 0.06 0.93 0.92 0.061 
CFA3 22953.20 760.29 433 l!. < 0.000 0.05 0.95 0.94 0.060 
The first modification between, CF A 1 and CF A2, is summarized in Table A 7. 
Table A 7: Confirmatory factor analysis modification 1 
Step 
1 
2 
3 
4 
5 
6 
Items 
Q35_4 with 
Q24_4 
Q34_6 with 
Q34_5 
Q34_6 w 
Q34_3 
Q34_5 with 
Q34_4 
Q34_4 with 
Q34_3 
Q34_2 w 
Q34 1 
MI 
50 
30.49 
41.77 
11.27 
30.31 
103.66 
Item 1 Item 2 
My LA understood my My TF understood my perspective as someone who perspective as someone who has has learned this material 
before. learned this material before. 
The LA helps each student The TF helps each student who is 
who is having trouble with 
his/ her work having trouble with his/ her work. 
The LA helps each student The TF goes out of his/ her way 
who is having trouble with 
his/ her work to help students 
The TF helps each student The LA goes out of his/ her way 
who is having trouble with 
his/ her work. to help students. 
The LA goes out of his/ her The TF goes out of his/ her way 
way to help students. to help students. 
The LA talks individually The TF talks individually with 
with students students 
Each of the items in the fust modification is between the TF and the LA. Since the TF is 
in charge of the small group session, the TF has a great influence on the LA. The TF has 
138 
an influence over how much time is spent on group work, so can influence how much 
time the LA talks individually with students, and helps students. The first modification 
resulted in an improvement in model fit in CFA2, so that CFI (0.93) and TLI (0.92) are 
above the cutoff value of 0.90 indicating good fit, while the RMSEA dropped to 0.05 and 
SRMR remained below 0.06. Once again, the modification indices were inspected to 
investigate ways of improving the model fit. The items included in modification 2 are 
described in Table AS. 
Table AS: Confirmatory factor analysis modification 2 
ID Items MI Item 1 Item2 
7 
Q26_9 with 28.71 How satisfied are you with How satisfied are you with your Q28_8 your Learning Assistant Teaching Fellow 
8 
Q26_4 with 33.67 How satisfied are you with How satisfied are you with the Q26_1 the tests for the course course workload 
Q15_2 with I understand the most I understand the basic concepts 9 28.23 complex materials presented Ql5_1 by the instructor in the course taught in this course 
Q14_6 with I usually studied for exams I studied for exams best alone 10 27.71 with other students from the Ql4_1R 
class (reversed) 
Modifications 7, 8, and 9 link aspects of the satisfaction items. A link between 
satisfaction with the LA and satisfaction with the TF is conceptually sound based on the 
amount of influence the TF has on the LA in the classroom observations. Modification 10 
links two items related to the group study variable. Students who study with others for 
exams are likely to disagree with the statement that they study best alone, so the link 
between those two items is theoretically justified. 
After the CF A was completed, the measurement model was run on the entire 
sample of 622 students. The measurement model tests all possible relationships between 
the variables. The initial model had a decent fit, with an RMSEA of 0.05, a CFI of 0.95, 
and a TLI of 0.95. The SRMR was 0.06, which is slightly above the cutoff of 0.05. 
Table A9: Measurement model summary of results 
ID BIC xz dfs [!_ RMSEA CFI TLI SRMR 
M1 52172.00 1391.66 592 p < 0.000 0.05 0.94 0.94 0.06 
M2 52036.57 1268.42 589 p < 0.000 0.04 0.95 0.95 0.06 
M3 52026.15 1246.18 588 p <0.000 0.04 0.95 0.95 0.05 
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The modification indices indicated two relationships that could improve the 
model fit. The first pair was students who studied with other students and those who did 
homework with other students (MI = 51.66). The second pair was students' expectations 
to do well in the class and whether they understood the most complex material in the 
course (MI = 33.78). As both links were theoretically justified, the model was adjusted. 
The items and specific Mls are included in Table AlO. 
Table AlO: Measurement model modification 1 
ID Items MI Item 1 Item2 
11 Q14_6 with 51.66 I usually studied for exams with I usually did homework with Q14_3 other students from the class. other students from the class. 
Q15_4 with I understand the most complex 12 33.78 I expect to do well in this class. material presented by the Q15_2 instructor in this course. 
The adjustment resulted in M2 with an RMSEA value of 0.04, a CFI of 0.95, a TLI of 
0.95, and an SRMR of 0.06. The modification indices indicated two additional links that 
could improve the model fit, as noted in Table All. 
Table All: Measurement model modification 2 
ID Items MI Item 1 ltem2 
Q34_5 with The Teaching Fellow helps The Teaching Fellow talks 13 83.82 each student who is having Q34_1 trouble with the work. individually with students. 
14 Q15_ 4 with 46.05 I expect to do well in this I understand the basic concepts Q15_1 class. taught in this course. 
Since helping each student and talking individually with students are related, and 
expecting to do well and understanding the basic concepts are also theoretically related, 
these two adjustments were made. All model fit indices stayed the same between M2 and 
M3. Additionally, the BIC drop was just more than 10 units, suggesting the model fit 
would not improve much with further adjustments. 
The final step is to add the directional relationships between the variables to 
create the structural model. Table A12 details relationships that were used for the initial 
structural model. 
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Table A12: Relationships for initial structural model 
Satisfaction on Number of courses taken in high school 
Group study 
Perceived effectiveness of professor 
Perceived effectiveness of TF 
Usefulness of lab/ discussion _grol!Q_ 
Usefulness of Lab/ Individualized attention 
Discussion group on Perceived effectiveness of LA 
Perceived effectiveness of TF 
Group study 
Final grade on Satisfaction 
Number of courses taken in high school 
Group study 
Perceived effectiveness of professor 
Usefulness of Lab/ discussion group 
The initial structural model S1 fit the data well, with an RMSEA of0.04, a CFI or 0.95, a 
TLI of 0.94, and an SRMR of 0.06. Some of the relationships initially proposed did not 
reach a level of significance, so those links were removed from the final model. The 
relationships retained are provided in Table A13. 
Table A13: Significant relationships for final structural model 
Satisfaction on Number of courses taken in high school 
Group study 
Perceived effectiveness of professor 
Perceived effectiveness of TF 
Usefulness of Lab/ Perceived effectiveness of LA 
Discussion group on Perceived effectiveness of TF 
Group study 
Final grade on Satisfaction 
Usefulness of Lab/ discussion group 
The results are summarized in Table A14. 
Table A14: Structural model summary 
Structural BIC xz df. p RMSEA CFI TLI SRMR 
S1 55067.67 1469.10 665 p < 0.000 0.04 0.95 0.94 0.06 
S2 54981.61 1385.32 664 p < 0.000 0.04 0.95 0.94 0.06 
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The list of modification indices only contained one large MI (74.73). As shown in Table 
A15, the two items described how much the TF talks individually with students and 
makes extra effort to help students. 
Table A15: Structural model modification 2 
ID Items MI Item 1 Item2 
The Teaching The Teaching Fellow Q34_3 with Fellow talks 15 Q34_1 74.73 individually with goes out of his/her way 
students. to help students. 
These two items are theoretically linked, so the modification was made. The initial 
structural model S1 fit the data well, with an RMSEA of0.04, a CFI or 0.95, a TLI of 
0.94, and an SRMR of 0.06. A final inspection of the Mls for S2 revealed no additional 
theoretically justifiable links. Thus, S2 is the final model for this study. 
142 
BIBLIOGRAPHY 
Ajzen, leek. (2006). Perceived behavioral control, self-efficacy, locus of control, and the 
Theory of Planned Behavior. Journal of Applied Social Psychology, 32( 4), 665-
683. doi: 10.1111/j.1559-1816.2002.tb00236.x 
Anderson, James C, & Gerbing, David W. (1988). Structural equation modeling in 
practice: A review and recommended two-step approach. Psychological Bulletin, 
103(3), 411. 
Armstrong, Norris, Chang, Shu-Mei, & Brickman, Marguerite. (2007). Cooperative 
learning in industrial-sized biology classes. CBE - Life Sciences Education, 6, 
163-171. doi: 10.1187/cbe.06-11-0200 
Bandura, Albert. (1977). Self-efficacy: Toward a unifying theory of behavioral change. 
Psychological Review, 84(2), 191-215. 
Bargh, J.A., & Schul, Y. (1980). On the cognitive benefits ofteaching. Journal of 
Educational Psychology, 72(5), 593. 
Barrett, Paul. (2007). Structural equation modelling: Adjudging model fit. Personality 
and Individual differences, 42(5), 815-824. doi: 10.1016/j.paid.2006.09.018 
Bayer Corporation. (2013). US STEM Workforce Shortage- Myth or Reality. In Bayer 
Corporation (Ed.), The Bayer Facts of Science Education. Media, PA: 
International Communications Research. 
Becker, T., & Croskery-Roberts, R. (2007). Avoiding common problems in using 
teaching assistants: Hard lessons learned from peer teaching theory and 
experience. Legal Writing, 13, 269. 
Bentler, PM. (1980). Multivariate Analysis with Latent Variables: Causal Modeling. 
Annual Review of Psychology, 31(1), 419-456. doi: 
10.1146/annurev.ps.31.020180.002223 
Bergtrom, Gerald. (2011). Content vs. Learning: An Old Dichotomy in Science Courses. 
Journal of Asynchronous Learning Networks, 15(1), 33-44. 
Biggs, John. (1996). Enhancing teaching through constructive alignment. Higher 
Education, 32(3), 347-364. 
Black, Aaron E., & Deci, Edward L. (2000). The effects of instructors' autonomy support 
and students' autonomous motivation on learning organic chemistry: A self-
determination theory perspective. Science Education, 84(6), 740-756. doi: 
10.1002/1098-237x 
143 
Bloom, Benjamin. (1984). The 2 sigma problem: The research for methods of group 
instruction as effective as one-to-one tutoring. Educational Researcher, 13(6), 4-
16. 
Bollen, Kenneth A, & Barb, Kenney H. (1981). Pearson's rand coarsely categorized 
measures. American Sociological Review, 232-239. 
Bong, Mimi. (2004). Academic Motivation in Self-Efficacy, Task Value, Achievement 
Goal Orientations, and Attributional Beliefs. The Journal of Educational 
Research, 97(6), 287-297. 
Bonwell, Charles C., & Eison, James A. . (1991). Active learning: Creating excitement in 
the classroom. ERIC Digest- ERIC Clearinghouse on Higher Education, from 
http://files.eric.ed.gov/fulltext/ED336049.pdf 
Boud, David, & Falchikov, Nancy. (2006). Aligning assessment with long-term learning. 
Assessment & Evaluation in Higher Education, 31(4), 399-413. 
Bowman, Nicholas A. (2011). Validity of college self-reported gains at diverse 
institutions. Educational Researcher, 40(1), 22-24. 
Bowman, Nicholas A. , & Seifert, Tricia. (2011). Can college students accurately assess 
what affects their learning and development? Journal of College Student 
Development, 52(3), 270. 
Boyer Commission. (1998). Reinventing undergraduate education: A blueprint for 
America's research universities. Princeton NJ: Carnegie Foundation for the 
Advancement of Teaching. 
Bransford, John, Brown, Ann, & Cocking, Rodney (Eds.). (2000). How people learn: 
Brain, mind, experience, school. Washington DC: National Academy Press. 
Braun, Virginia, & Clarke, Victoria. (2006). Using thematic analysis in psychology. 
Qualitative research in psychology, 3(2), 77-101. 
Braxton, John M., Milem, Jeffrey F., & Sullivan, Anna Shaw. (2000). The Influence of 
Active Learning on the College Student Departure Process: Toward a Revision of 
Tinto's Theory. The Journal of Higher Education, 71(5), 569-590. 
Brower, A, Carlson-Dakes, Christopher G, & Barger, Shihmei Shu. (2007). A learning 
community model of graduate student professional development for teaching 
excellence: Working Paper Series, WP010). Wisconsin Center for the 
Advancement of Postsecondary Education. Madison, WI. Retrieved October 1, 
2007, from http://www. wiscape. wisc.edu/publications/attachments/WPO 1 O.pdf. 
144 
Brown, James Dean. (2010). How are PCA and BFA used in language test and 
questionnaire development? JALT Testing & Evaluation Special Interest Group 
Newsletter, 14(2), 30-35. http://jalt.org/testlbro_33.htm 
Brown, Steven D., Tramayne, Selena, Hoxha, Denada, Telander, Kyle, Fan, Xiaoyan, & 
Lent, Robert W. (2008). Social cognitive predictors of college students' academic 
performance and persistence: A meta-analytic path analysis. Journal of 
Vocational Behavior, 72(3), 298-308. 
Brown, Timothy A. (2006). Confirmatory factor analysis for applied research: Guilford 
Press. 
BU. (2013). Boston University Fast Facts website, from 
http://www.bu.edu/admissionslbu-basics/fast-facts/ 
Bulte, C., Betts, A., Garner, K., & Durning, S. (2007). Student teaching: views of student 
near-peer teachers and learners. Medical Teacher, 29(6), 583-590. 
Bunce, Guy. (2003). Educational implications of Vygotsky's zone of proximal 
development on collaborative work in the classroom. Developing expertise in 
teaching, 1-13. Retrieved from 
http://www. guybunce.co. uk/writings/academic/vygotsky -and -the-classroom. pdf 
Byrne, Barbara M. (2009). Structural equation modeling with AMOS: Basic concepts, 
applications, and programming: CRC Press. 
Chasteen, Stephanie V., Perkins, Katherine K., Beale, Paul D., Pollock, Steven J., & 
Wieman, Carl E. (2011). A Thoughtful Approach to Instruction: Course 
Transformation for the Rest of Us. Journal of College Science Teaching, 40( 4 ), 
24-30. 
Chesney, Thorn D. (2011). Transforming Science Education Through Peer-Led Team 
Learning Peer Review, 13(3). http://www.pltl.org/ 
Chi, M.T.H., Siler, S.A., Jeong, H., Yamauchi, T., & Hausmann, R.G. (2001). Learning 
from human tutoring. Cognitive Science, 25(4), 471-533. 
Cohen, Jacob. (1992). A power primer. Psychological Bulletin, 112(1), 155-159. doi: 
10.1037/0033-2909.112.1.155 
Cohen, P.A., Kulik, J.A., & Kulik, C.L.C. (1982). Educational outcomes of tutoring: A 
meta-analysis of findings. American Educational Research Journal, 19(2), 237-
248. 
145 
Conway, James M, & Huffcutt, Allen I. (2003). A review and evaluation of exploratory 
factor analysis practices in organizational research. Organizational Research 
Methods, 6(2), 147-168. 
COSEPUP. (2007). Rising above the gathering storm: Energizing and employing 
American for a brighter economic future. Washington DC: National Academies 
Press. 
Creswell, John W, & Clark, Vicki L Plano. (2007). Designing and conducting mixed 
methods research: Wiley Online Library. 
Crisp, Gloria, Nora, Amaury, & Taggart, Amanda. (2009). Student characteristics, pre-
college, college, and environmental factors as predictors of majoring in and 
earning a STEM degree: An analysis of students attending a Hispanic Serving 
Institution. American Educational Research Journal, 46(4) , 924-942. 
Cronkhite, Gary, & Liska, Jo. (1976). A critique of factor analytic approaches to the 
study of credibility. Communications Monographs, 43(2), 91-107. 
Cuseo, J. (1992). Cooperative learning vs. small-group discussions and group projects: 
The critical differences. Cooperative Learning and College Teaching, 2(3), 5-10. 
DeHaan, Robert L. (2005). The impending revolution in undergraduate science education. 
Journal of Science Education and Technology, 14(2), 253-269. 
Ding, Lin, Chabay, Ruth, Sherwood, Bruce, & Beichner, Robert. (2006). Evaluating an 
electricity and magnetism assessment. Physics Review Special Topics. doi: 
10.1103/PhysRevSTPER.2.010105 
Diseth, Age, Pallesen, Stale, Hovland, Andres, & Larsen, Svein. (2003). Personality and 
approaches to learning as predictors of academic achievement. [Article]. 
European Journal of Personality, 17(2), 143-155. doi: 10.1002/per.469 
Duncan, Teresa Garcia, & McKeachie, Wilbert J. (2005). The making of the motivated 
strategies for learning questionnaire. Educational Psychologist, 40(2), 117-128. 
Dunn, Karee E, Lo, Wen-Juo, Mulvenon, Sean W, & Sutcliffe, Rachel. (2012). Revisiting 
the Motivated Strategies for Learning Questionnaire A Theoretical and Statistical 
Reevaluation of the Metacognitive Self-Regulation and Effort Regulation 
Subscales. Educational and Psychological Measurement, 72(2), 312-331. 
Eberlein, Thomas, Kampmeier, J. A., Minderhout, Vicky, Moog, Richard, Platt, Terry, 
Varma-Nelson, Pratibha, & White, Harold. (2008). Pedagogies of engagement in 
science: A comparison of PBL POGIL and PLTL. Biochemistry and Molecular 
Biology Education, 36(4), 262-273. 
Ebert-May, Diane, Brewer, Carol, & Allred, Sylvester. (1997). Innovation in Large 
Lectures: Teaching for Active Learning. BioScience, 47(9), 601-607. 
Enders, Craig K. (2001). The impact of nonnormality on full information maximum-
likelihood estimation for structural equation models with missing data. 
Psychological Methods, 6(4), 352-370. 
146 
Epstein, Michael L, Lazarus, Amber D, Calvano, Tammy B, Matthews, Kelly A, Hendel, 
Rachel A, Epstein, Beth B, & Brosvic, Gary M. (2010). Immediate feedback 
assessment technique promotes learning and corrects inaccurate frrst responses. 
The Psychological Record, 52(2), 187-201. 
Evans, Darrell J. R., & Cuffe, Tracy. (2009). Near-peer teaching in anatomy: An 
approach for deeper learning. Anatomical Sciences Education, 2(5), 227-233. doi: 
10.1002/ase.llO 
Evans, Warwick, Flower, Jean, & Holton, Derek. (2001). Peer tutoring in first-year 
undergraduate mathematics. International Journal of Mathematical Education in 
Science and Technology, 32(2). 
Fabrigar, Leandre R, Wegener, Duane T, MacCallum, Robert C, & Strahan, Erin J. 
(1999). Evaluating the use of exploratory factor analysis in psychological research. 
Psychological Methods, 4(3), 272-299. 
Felder, Richard M., & Brent, Rebecca. (1996). Navigating the bumpy road to student-
centered instruction. [Article]. College Teaching, 44(2), 43. 
Filz, Tonya, & Gurung, Regan A. R. (2013). Student Perceptions of Undergraduate 
Teaching Assistants. Teaching of Psychology, 40(1), 48-51. doi: 
10.1177/0098628312465864 
Fingerson, Laura, & Culley, Aaron, B. (2001). Collaborators in Teaching and Learning: 
Undergraduate Teaching Assistants in the Classroom. Teaching Sociology, 29(3), 
299-315. 
Floyd, Frank J, & Widaman, Keith F. (1995). Factor analysis in the development and 
refinement of clinical assessment instruments. Psychological Assessment, 7(3), 
286. 
Fraser, Barry J. (1984). Differences between preferred and actual classroom environment 
as perceived by primary students and teachers. British Journal of Educational 
Psychology, 54(3), 336-339. 
Fraser, Barry J. (1998). Classroom environment instruments: Development, validity and 
applications. Learning Environments Research, 1(1), 7-34. 
Fraser, Barry J, & Treagust, David F. (1986). Validity and use of an instrument for 
assessing classroom psychosocial environment in higher education. Higher 
Education, 15(1-2), 37-57. 
147 
Froyd, Jeffrey. (2008). White Paper on Promising Practices in Undergraduate STEM 
Education. Paper presented at the National Research Council's Workshop Linking 
Evidence to Promising Practices in STEM Undergraduate Education, Washington 
DC. 
http://www7 .nationalacademies.org/bose/Froyd_Promising_Practices_ Commissio 
nedPaper.pdf 
Gafney, Leo, & Varma-Nelson, Pratibha. (2007). Evaluating Peer-Led Team Learning: A 
Study of Long-Term Effects on Former Workshop Peer Leaders. Journal of 
Chemical Education, 84(3), 535-539. doi: 10.1021/ed084p535 
Gall, Sharon Nelson-Le. (1985). Help-seeking behavior in learning. Review of Research 
in Education, 12, 55-90. 
Gasiewski, Josephine A, Eagan, M Kevin, Garcia, Gina A, Hurtado, Sylvia, & Chang, 
Mitchell J. (2012). From gatekeeping to engagement: A multicontextual, mixed 
method study of student academic engagement in introductory STEM courses. 
Research in Higher Education, 53(2), 229-261. 
Gilbert, Clark G., Hunsaker, Steve, & Schmidt, Brian. (2007). Peer Instruction: Faculty 
as architects of peer learning environments. Perspective, 98-115. 
Gleim, Joseph, & Gleim, Rosemary. (2003). Calculating, intrepreting, and reporting 
Cronbach's alpha reliability coefficient for Likert-type scales. Paper presented at 
the Midwest Research to Practice Conference in Adult, Continuing, and 
Community Education, Columbus Ohio. 
Goldhaber, Steve, Pollock, Steven, Dubson, Mike, Beale, Paul D., & Perkins, Katherine 
K. (2009). Transforming upper-divison quantum mechanics: Learning goals and 
assessment. Paper presented at the Physics Education Research Conference 2009, 
Ann Arbor, Michigan. 
Gosser, D.K., & Roth, V. (1998). The workshop chemistry project: Peer-led team-
learning. Journal of Chemical Education, 75(2), 185. 
Gray, Kara E., & Otero, Valerie K.. (2009). Analysis of former Learning Assistants' 
views on cooperative learning. AlP Conference Proceedings, 1179(1), 149-152. 
Grayson, A., Miller, H., & Clarke, D.D. (1998). Identifying barriers to help-seeking: a 
qualitative analysis of students' preparedness to seek help from tutors. British 
Journal of Guidance and Counselling, 26(2), 237-253. 
148 
Griffith, Amanda L. (2010). Persistence of women and minorities in STEM field majors: 
Is it the school that matters? Economics of Education Review, 29(6), 911-922. 
Handlesman, Jo, Ebert-May, Diane, Beichner, Robert, Bruns, Peter, Chang, Amy, 
DeHaan, Robert, ... Wood, William B. (2004). Scientific teaching. Science, 
304(5670), 521-522. 
Hargis, Jace. (2001). Can students learn science using the internet? Journal of Research 
on Computing in Education, 33(4), 475-487. 
Harland, Tony. (2003). Vygotsky's Zone of Proximal Development and Problem-based 
Learning: linking a theoretical concept with practice through action research. 
[Article]. Teaching in Higher Education, 8(2), 263. 
Henson, Robin K, & Roberts, J Kyle. (2006). Use of exploratory factor analysis in 
published research common errors and some comment on improved practice. 
Educational and Psychological Measurement, 66(3), 393-416. 
Herreid, Clyde Freeman. (2006). "Clicker" Cases: Introducing Case Study Teaching Into 
Large Classrooms. Journal of College Science Teaching, 63(2), 43-47. 
Hogan, Thomas P., Norcross, John C., Cannon, J. Timothy, & Karpiak, Christie P. (2007). 
Working with and Training Undergraduates as Teaching Assistants. Teaching of 
Psychology, 34(3), 187-190. doi: 10.1080/00986280701498608 
Hooper, Daire, Coughlan, Joseph, & Mullen, Michael R. (2008). Structural equation 
modelling: Guidelines for determining model fit. Electronic Journal of Business 
Research Methods, 6(1), 53-60. 
Hoyle, Rick H. (1995). Structural equation madeline: concepts, issues, and applications. 
In Rick H Hoyle (Ed.), Structural equation modeling: Concepts, issues, and 
applications (pp. 1-15). Thousand Oaks, CA: Sage. 
Hu, Li-Tze, & Bentler, Peter M. (1999). Cutoff criteria for fit indexes in covariance 
structure analysis: Conventional criteria versus new alternatives. Structural 
Equation Modeling: A Multidisciplinary Journal, 6(1), 1-55. 
Hu, Li-Tze, & Bentler, Peter M. (1995). Evaluating model fit. In Rick H Hoyle (Ed.), 
Structural equation modeling: Concepts, issues, and applications (pp. 1-15). 
Thousand Oaks, CA: Sage. 
Huang, H, Taddese, N., Walter, E., & Peng, S.S. (2000). Entry and Persistence of Women 
and Minorities in College Science and Engineering Education. In National Center 
for Education Statistics (Ed.). Washington DC: US Department of Education. 
Hughes, Kathleen. (2011). Peer-Assisted Learning Strategies in Human Anatomy & 
Physiology. The American Biology Teacher, 73(3). 
http://www.bioone.org/doi/abs/10.1525/abt.2011.73.3 .5 
149 
Inuwa, Ibrahim M. (2012). Perceptions and Attitudes of First-Year Medical Students on a 
Modified Team-Based Learning (TBL) Strategy in Anatomy. Sultan Qaboos 
University Medical Journal, 12(3), 336-343. 
Jackson, Dennis L, Gillaspy Jr. , Arthur J., & Pure-Stephenson, Rebecca. (2009). 
Reporting practices in confirmatory factor analysis: an overview and some 
recommendations. Psychological Methods, 14(1), 6-23. 
Johnson, R. Burke. , & Onwuegbuzie, Anthony J .. (2004). Mixed methods research: A 
research paradigm whose time has come. Educational Researcher, 33(7), 14-26. 
Karabenick, Stuart A. (2004). Perceived Achievement Goal Structure and College 
Student Help Seeking. Journal of Educational Psychology, 96(3), 569-581. doi: 
10.1037/0022-0663.96.3.569 
Karabenick, Stuart A., & Knapp, John R. (1991). Relationship of academic help seeking 
to the use of learning strategies and other instrumental achievement behavior in 
college students. Journal of Educational Psychology, 83(2), 221-230. doi: 
10.1037/0022-0663.83.2.221 
Kassab, S., Abu-Hijleh, M.F., Al-Shboul, Q., & Hamdy, H. (2005). Student-led tutorials 
in problem-based learning: educational outcomes and students' perceptions. 
Medical Teacher, 27(6), 521-526. 
Khan, Naiman A., Nasti, Chris, Evans, Ellen M., & Chapman-Novakofski, Karen. (2009). 
Peer education, Exercising, and Eating Right (PEER): Training of Peers in an 
Undergraduate Faculty Teaching Partnership. Journal of Nutrition Education and 
Behavior, 41(1) , 68-70. doi: 10.1016/j.jneb.2008.03.116 
Klinke, Sigbert, Mihoci, Andrija, & Hardie, Wolfgang. (2010). Exploratory factor 
analysis in MPlus, Rand SPSS. Invited paper ICOTS8 of the International 
Association of Statistical Education. 
https://www.stat.auckland.ac.nz/-iase/publications/icots8/ICOTS8_ 4F4_KLINKE 
.pdf 
Kootstra, Gerrit Jan. (2004). Exploratory Factor Analysis: Theory and Application. 12, 
2006. http://www.let.rug.nl/-nerbonne/teachlrema-stats-meth-seminar/Factor-
Analysis-Kootstra-04.PDF 
150 
Kuh, George D.;, Cruce, Ty M.;, Shoup, Rick;, IGnzie, Jillian;, & Gonyea, Robert;. 
(2008). Unmasking the effects of student engagement on first-year college grades 
and persistence. The Joumal of Higher Education, 79(5), 540-563. 
Kuncel, Nathan R, Credo, Marcus, & Thomas, Lisa L. (2005). The validity of self-
reported grade point averages, class ranks, and test scores: A meta-analysis and 
review of the literature. Review of Educational Research, 75( 1 ), 63-82. 
LA Program Website. (2011). Learning Assistant Program Retrieved October 20 2011, 
2011, from http://laprogram.colorado.edu/ 
Larsen, Douglas P, Butler, Andrew C, & Roediger ill, Henry L. (2008). Test-enhanced 
learning in medical education. Medical Education, 42(10), 959-966. 
Lau, Shun, & Nie, Youyan. (2008). Interplay Between Personal Goals and Classroom 
Goal Structures in Predicting Student Outcomes: A Multilevel Analysis of 
Person-Context Interactions. Joumal of Educational Psychology, 100(1), 15-29. 
Lee, A. (2012). Learners as Teachers: Student and Community Outcomes of Service-
learning in an Undergraduate Chemistry Course. Transformative Dialogues: 
Teaching and Leaming Joumal. 6(2), 1-12. 
Lewis, Scott E., & Lewis, Jennifer E. (2008). Seeking effectiveness and equity in a large 
college chemistry course: an HLM investigation of Peer-Led Guided Inquiry. 
Joumal of Research In Science Teaching, 45(7), 794-811. doi: 10.1002/tea.20254 
Lizzio, Alf Wilson, & Roland, Keithia Simons (2002). University Students' Perceptions 
of the Learning Environment and Academic Outcomes: implications for theory 
and practice. [Article]. Studies in Higher Education, 27(1), 27-52. doi: 
10.1080/0307507012009935 9 
Lockspeiser, Tai, O'Sullivan, Patricia, Teherani, Arianne, & Muller, Jessica. (2008). 
Understanding the experience of being taught by peers: the value of social and 
cognitive congruence. Advances in Health Sciences Education, 13(3), 361-372. 
doi: 10.1007/s10459-006-9049-8 
Longfellow, E., May, S., Burke, L., & Marks-Maran, D. (2008). "They had a way of 
helping that actually helped": a case study of a peer-assisted learning scheme. 
Teaching in Higher Education, 13(1), 93-105. 
Lorenzo-Seva, U. (2013). How to report the percentage of explained common variance in 
exploratory factor analysis. Tarragona, Italy: Department of Psychology. 
Maehr, Martin L. (2005). Paul Pintrich: A Once and Continuing Influence. Educational 
Psychologist, 40(2), 129-133. doi: 10.1207/s15326985ep4002_7 
151 
Maltese, Adam V, & Tai, Robert H. (2011). Pipeline persistence: Examining the 
association of educational experiences with earned degrees in STEM among US 
students. Science Education, 95(5), 877-907. 
Matthews, Christine M. (2006). Science, Engineering and Mathematics Education: Status 
and Issues CRS Report for Congress. Washington DC: Congressional Research 
Service. 
Mazur, Eric. (1997). Peer instruction: A user's manual. Upper Saddle River, NJ: Prentice 
Hall. 
McDonald, Roderick P, & Ho, Moon-Ho Ringo. (2002). Principles and practice in 
reporting structural equation analyses. Psychological Methods, 7(1), 64-82. doi: 
10.1037 //1082-989X.7 .1.64 
McKeachie, Wilbert J. (1990). Research on college teaching: The historical background. 
Joumal of Educational Psychology, 82(2), 189-200. 
Mendenhall, MarkBurr Wesley R. ( 1983). Enlarging the role of the undergraduate 
teaching assistant. Teaching of Psychology, 10(3), 184-185. 
Micari, Marina, Streitwieser, Bernhard, & Light, Gregory. (2006). Undergraduates 
leading undergraduates: peer facilitation in a science workshop program. 
Innovative Higher Education, 30(4), 269-289. doi: 10.1007/s10755-005-8348-y 
Michael, J. (2006). Where's the evidence that active learning works? Advances in 
Physiology Education, 30(4), 159-167. 
Miles, Matthew B., & Huberman, Michael A. (1994). Qualitative Data Analysis: An 
expanded sourcebook. Thousand Oaks, CA: Sage Publications. 
Mohamed, Abdi-Rizak. (2008). Effects of active learning variants on student 
performance and learning perceptions. Intemational Joumal for the Scholarship 
ofTeaching and Leaming, 2(2), 1-14. 
Murray, Harry G. (1983). Low-inference classroom teaching behaviors and student 
ratings of college teaching effectiveness. Joumal of Educational Psychology, 
75(1), 138-149. doi: 10.1037/0022-0663.75.1.138 
Murray, Harry G. (1987). Acquiring student feedback that improves instruction. New 
directions for teaching and leaming, 1987(32), 85-96. 
Muthen, Bengt 0, & Asparouhov, Tihomir. (2002). Using MPlus Monte Carlo 
simulations in practice: A note on non-normal missing data in latent variable 
models. MPlus Web notes, 2. Retrieved from 
http://statmodel.com/download/webnotes/mc2.pdf 
Muthen, Bengt 0 , & Muthen, Linda K. (2013). Mplus 7.0. Los Angeles, CA: Author. 
Muthen, Linda K, & Muthen, Bengt 0. (2010). Mplus: Statistical analysis with latent 
variables: User's guide: Muthen & Muthen. 
152 
Newman, RichardS. (1998). Students' help seeking during problem solving: Influences 
of personal and contextual achievement goals. Journal of Educational Psychology, 
90(4), 644-658. doi: 10.1037/0022-0663.90.4.644 
Newton, Fred B., & Ender, Steven C. (2010). Students helping students: A guide for peer 
educators on college campuses. San Francisco CA: Jossey Bass. 
NSF. (2011). Empowering the Nation Through Discovery and Innovation NSF Strategie 
Plan for Fiscal Years (FY) 2011-2016 (pp. 28). Washington DC: National Science 
Foundation. 
O'Donnell, Carol L.. (2008). Defining, Conceptualizing, and Measuring Fidelity of 
Implementation and Its Relationship to Outcomes in K-12 Curriculum 
Intervention Research. Review of Educational Research, 78(1), 33-84. 
Otero, Valerie, Pollock, Steven, & Finkelstein, Noah. (2010). A physics department's role 
in preparing physics teachers: The Colorado learning assistant model. [November]. 
American Journal of Physics, 78(11), 1218 -1224. doi: 10.1119/1.3471291 
Otero, Valerie, Pollock, Steven, McCray, Richard, & Finkelstein, Noah. (2006). Who Is 
Responsible for Preparing Science Teachers? Science, 313(5786), 445-446. doi: 
10.1126/science.l129648 
Pace, Charles Robert. (1982). Achievement and the quality of student effort: National 
Commission on Excellence in Education Washington, DC. 
Pajares, Frank. (2002). Overview of Social Cognitive Theory and of Self-Efficacy. 
http://www .emory .edu/EDUCATION/mfp/eff.html 
Park, Chris. (2004). The graduate teaching assistant (GTA): lessons from North 
American experience. [Article]. Teaching in Higher Education, 9(3), 349-361. 
doi: 10.108011356251042000216660 
Pascarella, Ernest T., Salisbury, Mark, & Blaich, Charles. (2011). Exposure to effective 
instruction and college student persistence: A multi-institutional replication and 
extension. Journal of College Student Development, 52(1), 4-19. 
153 
Pascarella, Ernest T., Seifert, Tricia A., & Whitt, Elizabeth J. (2008). Effective 
Instruction and College Student Persistence: Some New Evidence. New directions 
for teaching and learning (115), 55-70. doi: 10.1002/tl.325 
PCAST Working Group, S.J. Gates, Jr., J. Handelsman, G.P. Lepage, & Mirkin, C. 
(2012). Engage to Excel: Producing one million additional college graduates with 
degrees in science, technology, engineering, and mathematics. Washington DC: 
President's Council of Advisors on Science and Technology. 
Pease, Maria A., & Kuhn, Deanna. (2011). Experimental analysis of the effective 
components of problem-based learning. Science Education, 95(1), 57-86. doi: 
10.1002/sce.20412 
Pintrich, Paul R. (2003). A motivational science perspective on the role of students 
motivation in learning and teaching contexts. Journal of Educational Psychology, 
95(4), 667-686. doi: 10.1037/0022-0663.95.4.667 
Pintrich, Paul R. (2004). A Conceptual Framework for Assessing Motivation and Self-
Regulated Learning in College Students. Educational Psychology Review, 16( 4 ), 
385-407. doi: 10.1007/s10648-004-0006-x 
Pintrich, Paul R., Smith, David A.F., Garcia, Teresa, & McKeachie, Wilbert J. (1991). A 
manual for the use of the motivated strategies for learning questionnaire. 
Washington DC: National Center for Research to Improve Postsecondary 
Teaching and Learning. 
Pollock, Steven. (2009). Longitudinal study of student conceptual understanding in 
electricity and magnetism. Physics Review Special Topics, 5, 020110-020111 to 
020110-020118. doi: 10.1103/PhysRevSTPER.5.020110 
Prince, Michael. (2004). Does active learning work? A review of the research. Journal of 
Engineering Education, 93(3), 223-231. 
Pugh, Kevin J., Linnenbrink-Garcia, Lisa, Koskey, Kristin L. K., Stewart, Victoria C., & 
Manzey, Christine. (2010). Motivation, learning, and transformative experience: 
A study of deep engagement in science. Science Education, 94(1), 1-28. doi: 
10.1 002/sce.20344 
Pulvers, Kim, & Diekhoff, George M. (1999). The Relationship between Academic 
Dishonesty and College Classroom Environment. Research in Higher Education, 
40(4), 487-498. doi: 10.2307/40196358 
Putnam, R.T., & Borko, H. (2000). What do new views of knowledge and thinking have 
to say about research on teacher learning? Educational Researcher, 4-15. 
154 
Puzziferro, Maria. (2008). Online technologies self-efficacy and self-regulated learning 
as predictors of final grade and satisfaction in college-level online courses. The 
American Journal of Distance Education, 22(2), 72-89. doi: 
10.1080/08923640802039024 
Raftery, Adrian E. (1995). Bayesian model selection in social research. Sociological 
Methodology, 25, 111-164. 
Ramaswamy, Shri, Harris, llene, & Tschirner, Ulrike. (2001). Student Peer Teaching: An 
Innovative Approach to Instruction in Science and Engineering Education. 
Journal of Science Education and Technology 10(2), 165-171. 
Reinhardt, C.H., & Rosen, E.N. (2012). How much structuring is beneficial with regard 
to examination scores? A prospective study of three forms of active learning. 
Advances in Physiology Education, 36(3), 207-212. doi: 
10.1152/advan.00108.2011 
Rhemtulla, Mijke, Brosseau-Liard, Patricia E, & Savalei, Victoria. (2012). When can 
categorical variables be treated as continuous? A comparison of robust continuous 
and categorical SEM estimation methods under suboptimal conditions. 
Psychological Methods, 17(3), 354-373. doi: 10.1037/a0029315 
Richardson, John T.E. (2003). Approaches to studying and perceptions of academic 
quality in a short web-based course. British Journal of Educational Technology, 
34(4), 433-442. 
Richardson, John T.E. , & Price, Linda. (2003). Approaches to studying and perceptions 
of academic quality in electronically delivered courses. British Journal of 
Educational Technology, 34(1), 45-56. doi: 10.1111/1467-8535.00303 
Robbins, Steven B., Lauver, Kristy, Le, Huy, Davis, Daniel, Langley, Ronelle, & 
Carlstrom, Aaron. (2004). Do Psychosocial and Study Skill Factors Predict 
College Outcomes? A Meta-Analysis. Psychological Bulletin, 130(2), 261-288. 
doi: 10.1037/0033-2909.130.2.261 
Roderick, Carol. (2009). Undergraduate teaching assistantships: Good practices. 
Mountain Rise, the International Journal of the Scholarship of Teaching and 
Learning, Spring 2009,5 (2), 1-20. 
http:/ /mountainrise. wcu.edulindex. php/MtnRise/article/view 1109116 
Roediger III, Henry L, Agarwal, Pooja K, McDaniel, Mark A, & McDermott, Kathleen B. 
(2011). Test-enhanced learning in the classroom: long-term improvements from 
quizzing. Journal of Experimental Psychology: Applied, 17(4), 382. 
155 
Ryan, Allison M., Gheen, Margaret H., & Midgley, Carol. (1998). Why do some students 
avoid asking for help? An examination of the interplay among students' academic 
efficacy, teachers' social and emotional role, and the classroom goal structure. 
Journal of Educational Psychology, 90(3), 528-535. doi: 10.1037/0022-
0663.90.3.528 
Ryan, Gery W., & Bernard, H. Russell. (2003). Data management and analysis methods. 
In Norman K Denzin & Yvonna S Lincoln (Eds.), Collecting and interpreting 
qualitative materials (Vol. 3, pp. 259-309). Thousand Oaks, CA: Sage. 
Ryan, Richard M., & Deci, Edward L. (2000). Intrinsic and extrinsic motivations: Classic 
definitions and new directions. Contemporary Educational Psychology, 25, 54-67. 
doi: 1 0.1006/ceps.1999 .1 020 
Rytkonen, H., Parpala, A., Lindblom-Ylonne, S., Virtanen, V., & Postareff, L. (2012). 
Factors affecting bioscience students' academic achievement. Instructional 
Science, 40(2), 241-256. doi: 10.1007/sl1251-011-9176-3 
Sadler, Philip M., & Tai, Robert H. (2001) . Success in introductory college physics: The 
role of high school preparation. Science Education, 85(2), 111-136. doi: 
10.100211098-237x(200103)85:2<111: :aid-sce20>3.0.co;2-o 
Sana, F. , Pachai, M., & Kim, J.A. (2011). Training undergraduate teaching assistants in a 
peer mentor course. Transformative Dialogues, 4(3), 1-10. 
Sawada, Daiyo, Piburn, Michael D., Judson, Eugene, Turley, Jeff, Falconer, Kathleen, 
Benford, Russell, & Bloom, Irene. (2002). Measuring Reform Practices in 
Science and Mathematics Classrooms: The Reformed Teaching Observation 
Protocol. School Science and Mathematics, 102(6), 245-253. doi: 10.1111/j.1949-
8594.2002.tb 17883.x 
Schmidt, H.G., & Moust, J.H.C. (1995). What makes a tutor effective? A structural 
equations modelling approach to learning in problem-based curricula. Academic 
Medicine, 70(8), 708-714. 
Schneider, Mark. (2009). The International PISA Test A risky investment for states. 
Education Next, 69-74. http://educationnext.org/files/fall09-international-pisa.pdf 
Schonwetter, Dieter J., Clifton, Rodney A., & Perry, Raymond P. (2002). Content 
Familiarity: Differential Impact of Effective Teaching on Student Achievement 
Outcomes. Research in Higher Education, 43(6), 625-655. 
Schwarz, Gideon. (1978). Estimating the dimension of a model. The Annals of Statistics, 
6(2) , 461-464. 
156 
Schwarz, Norbert. (1999). Self-reports: How the questions shape the answers. American 
Psychologist, 54(2), 93-105. doi: 10.1037/0003-066x.54.2.93 
Seymour, Elaine, & Hewitt, Nancy M. (1997). Talking about leaving: Why 
undergraduates leave the sciences: Westview Press Boulder, CO. 
Shea, Peter, Sau Li, Chun, & Pickett, Alexandra. (2006). A study of teaching presence 
and student sense of learning community in fully online and web-enhanced 
college courses. The Internet and Higher Education, 9(3), 175-190. 
Smith, Lindsay I. (2002). A tutorial on principal components analysis. 
http://www.cs.otago.ac.nz/cosc453/student_tutorials/principal_components.pdf 
Song, Hae-Deok, & Grabowski, Barbara L. (2006). Stimulating intrinsic motivation for 
problem solving using goal-oriented contexts and peer group composition. 
Educational Technology Research and Development, 54(5) , 445-466. 
Sorbom, Dag, & Joreskog, Karl G. (1981). The use ofLISREL in sociological model 
building. Factor analysis and measurement in sociological research: A 
multidimensional perspective. Beverly Hills: Sage. 
Springer, Leonard, Stanne, Mary Elizabeth, & Donovan, Samuel. (1999). Effects of 
small-group learning on undergraduates in Science, Mathematics, Engineering 
and Technology: A Meta-Analysis. Review of Educational Research, 69(1), 21-51. 
Streitwieser, B., & Light, G. (2010). When undergraduates teach undergraduates: 
Conceptions of and approaches to teaching in a Peer Led Team Learning 
intervention in the STEM disciplines: Results of a two year study. International 
Journal of Teaching and Learning in Higher Education, 22(3), 346-356. 
Taasoobshirazi, Gita, & Sinatra, Gale M. (2011). A structural equation model of 
conceptual change in physics. Journal of Research In Science Teaching, 48(8), 
901-918. 
Tai, Robert, Sadler, Philip M, & Loehr, John. (2005). Factors influencing success in 
introductory college chemistry. Journal of Research In Science Teaching, 42(9), 
987-1012. 
Tang, Jinlan, & Harrison, Colin. (2011). Investigating University Tutor Perceptions of 
Assessment Feedback: Three Types of Tutor Beliefs. Assessment & Evaluation in 
Higher Education, 36(5), 583-604. 
Thomas, Scott L. (2000). Ties that bind: A social network approach to understanding 
student integration and persistence. The Journal of Higher Education, 7I(5), 591-
615. 
157 
Thompson-Knight, Meredith, Garik, Peter, Moser, Adam, Hammond, Nic, Jariwala, 
Enrique Manher, Spilios, Kathryn, ... Goldberg, Bennett. (2013). Investigating 
the effect of peer teachers on learning environments in large STEM courses. 
Paper presented at the National Association of Research on Science Teaching 
(NARST), Rio Grande, Puerto Rico. 
Tien, Lydia T, Roth, Vicki, & Kampmeier, J.A. (2002). Implementation of a peer-led 
team learning instructional approach in an undergraduate organic chemistry 
course. Journal of Research In Science Teaching, 39(7), 606-632. 
Tinto, Vincent. (1975). Dropout from higher education: A theoretical synthesis of recent 
research. Review of Educational Research, 45(1), 89-125. 
Tinto, Vincent. (1997). Classrooms as Communities: Exploring the Educational 
Character of Student Persistence. The Journal of Higher Education, 68(6), 599-
623. doi: 10.2307/2959965 
Tishman, Shari, Jay, Eileen, & Perkins, D.N. (1992). Teaching thinking dispositions: 
From transmission to enculturation. Theory into Practice, 32(3), 147-153. 
Topping, Keith J. (2005). Trends in peer learning. Educational Psychology Review, 25(6), 
631-645. doi: 10.1080/01443410500345172 
Walberg, Herbert J, Fraser, Barry J, & Welch, Wayne W. (1986). A test of a model of 
educational productivity among senior high school students. The Journal of 
Educational Research, 133-139. 
Weidert, Janet M., Wendorf, Angela R., Gurung, Regan A.R., & Filz, Tonya (2012). A 
survey of graduate and undergraduate teaching assistants. College Teaching, 
60(3), 95-103. doi: 10.1080/87567555.2011.637250 
Whipple, W.R. (1987). Collaborative learning: Recognizing it when we see it. AAHE 
Bulletin 4-6. http://eric.ed.gov/?id=ED289396 
Wieman, Carl. (2009). Galvanizing science departments. Science, 325(5945), 1181-1181. 
Wieman, Carl, Perkins, Katherine, & Gilbert, Sarah. (2010). Transforming Science 
Education at Large Research Universities: A Case Study in Progress. Change: 
The Magazine of Higher Learning, 42(2), 6-14. 
Wilke, R Russell. (2003). The effect of active learning on student characteristics in a 
human physiology course for nonmajors. Advances in Physiology Education, 
27(4), 207-223. doi: 10.1152/advan.00003.2002 
Wolter, Bjorn H. K., Lundeberg, Mary A., Kang, Hosun, & Herreid, Clyde F. (2011). 
Students' Perceptions of Using Personal Response Systems ("Clickers") with 
Cases in Science. Journal of College Science Teaching, 40(4), 14-19. 
http://eric.ed.gov/?id=EJ921527 
Wood, William B. (2009). Innovations in biology teaching and why we need them. 
Annual Review of Cell and Developmental Biology, 25,93-112. doi: 
10.1146/annurev.cellbio.24.110707.175306 
158 
Wood, William B., & Tanner, Kimberly D. (2012). The role of a lecturer as tutor: Doing 
what effective tutors do in a large lecture class. CBE - Life Sciences Education, 11, 
3-9. doi: 10.1187/ cbe 11-12-0110 
Wormald, Benjamin W, Schoeman, Scarpa, Somasunderam, Arnold, & Penn, Michelle. 
(2009). Assessment drives learning: An unavoidable truth? Anatomical Sciences 
Education, 2(5), 199-204. 
Wright, Sewall. (1934). The Method of Path Coefficients. The Annals of Mathematical 
Statistics, 5(3), 161-215. doi: 10.2307/2957502 
Yusef, Muhammed. (2011). The impact of self-efficacy, achievement motivation, and 
self regulated learning strategies on students' academic achievement. Procedia 
Social and Behavioral Sciences, 15, 2623-2626. 
Yusof, K.M., Hassan, S.A.H.S., Jamaludin, M.Z., & Harun, N.F. (2012). Cooperative 
Problem-based Learning (CPBL): Framework for integrating cooperative learning 
and Problem-based Learning. Procedia-Social and Behavioral Sciences, 56, 223-
232. 
Zimmerman, Barry J. (2008). Investigating Self-Regulation and Motivation: Historical 
Background, Methodological Developments, and Future Prospects. American 
Educational Research Journal, 45(1), 166-183. doi: 10.2307/30069464 
Zusho, Akane, Pintrich, Paul R., & Coppola, Brian. (2003). Skill and will: The role of 
motivation and cognition in the learning of college chemistry. Tnternational 
Journal of Science Education, 25(9), 1081-1094. doi: 
10.1080/0950069032000052207 
Zwick, William R, & Velicer, Wayne F. (1986). Comparison of five rules for determining 
the number of components to retain. Psychological Bulletin, 99(3), 432-442. 
 CURRICULUM VITAE 
 
 
 
 
 
 
 
 
 
  
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
160 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
162 
 
 
 
 
 
 
 
 
 
 
 
n 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
163 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
